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I’KKKACK 


In plac.injj the present werk in tlie liiimis of cheiniciil 
iniinnfiic.tnrers, (;tu\inieiil en}'ine,eis, find works eheinists, 
tho object, of the nuthors Ims not lieini to add to the 
treatises on eheinieal engineeriiifi wliie-h are fili tiady in 
existiniee. They have simply attempted to c.ondense 
into a series of monographs the fruits of sonuf twenty 
yefirs’ expi'rienee ol the aetnal difsigning of ehemical 
works and the selection of e.hemieal plant, snpiilenient- 
ing the letterpress w ith a seriivs of actual working ilraw- 
iugs such as have not hitherto liifen presented in a 
volume of this nature. 

In works of the customary type dealing with chemi¬ 
cal engineering, eoni|)let.e w'orking draw'mgs, such as will 
be found in these jiages, are very infieipumt. The authoi's 
of theoretical handbooks on this subject have dealt at 
length with the theory of design, tint they seldotn jiro- 
vide the inatiufacturer or works uniiifiger with such 
drawitigs as will assist him in the designing of a new 
works or the remodelling of an old one. The rea.Hoti 
for thi.s oinissioti is, of cour.se, obvious. Sotiie attempt 
has been made by the authors of the ])re..seut volume to 
remedy this omis.sion. The drawings included in the 
earlier sections embody the re.sult of actual experience 
in planning chemical works. The authors make no 
claim to finality in jiresenting the various arrangements 
suggested, but the manufacturer or engineer who studies 
the drawings is simjily assured that the practice which 



is tlici-cin iiidic.-itcd has lircii fiillowcd with a laff;(! 
iiirasiirc ot sticcass in l■l^i-lill^^ works lioth at home and 
al)i'oad. 

(’(anincni'iiij;' willi scanc considia’ation of tlic import¬ 
ant (|iu‘stiiai (d the sckaain*; of a sito for a now works, 
])raclk'al liints arc ^ivcn as to tin! laying out of the land, 
the utilization to the liest advantage of the various 
levels which are geni'i'ally to be haind, and the jirovisioii 
of sne.h iinjaatant adjuncts as railway sidings, (‘te. The 
i|nestion of l(jiindatiiais is dealt, with aii<l the best 
arrangement ot the drainage is indieateil. A few notes 
on materials n.sed in eon.strnetion are next considered, 
ami. following this, the first prineiides to be observed 
in the actual laying out of a wtaks are dealt with, 
tjtiiestions of transpeat by rail (a-«ater call for a.ttentiiai, 
a.nd the making of roads for internal cormmiideati(ai 
between the dilferent sections of a large, works is not 
a)st sight (d'. The ile.sign and erection of the various 
buildings need to be carefully eon.sidererl. and here some 
usid'ul hints as to the best ari'angements to secure a 
proper secpienee (d' opera.li(ais will be found. As the 
volume is inUaideil to be eipially usidul to the manage- 
mmit of large manufaetiiring e.stabhshiuents as to smaller 
(■(aieerits, it will be haind that ipiestions such as the 
planning of the variiats artisans’ shops and stcaes find 
a jdaee in this seetiiai of the book. Some notice id' 
the arrangements for fir(o[irevention, and thi' organiza¬ 
tion of works fire brigades, will be found id interest, 
while hints on ambulance arrangements and provision 
for (leafing with the accidents inevitable in all larg(( 
works are also given. 

Having dealt with the guiding iirineiples whieli 
should be followed in the selection of the site, th« 
materials used, and the best praetiee in jilanniiig a works, 
a ehaiiter is devoted to the important subject of powtw 
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plant. A mndern |H)wer-liouse is iloscribeil, and al- 
tliougli this may he regarded as .somewliat of an ideal 
arrangeiuent, the laineiplos which are laid down are 
those which are now oUserved in the most u|)-to-dati^ 
works, and the nianufaetni er who opemtes on a modest 
scale will not fail to .s(^cnre soiinf useful hints fi’om a 
summary of the best i)raetice in the generation and 
aitplieation of power. 

.Snhsiapienl chapters (hvd with that class of chemical 
plant into which constructional engineering enters very 
largely, and here again it will he found that mneh in¬ 
formation not usually given in hooks of this description 
has been included. The special types of buildings suit¬ 
able for the housing of clnmical plant have been dealt 
with in a practical manner. This section of the book 
has been ehielly devoted t(j detailed descriptions of 
sulphuric acid jilani, nitric acid plant, hydrochloric acid 
plant, artificial nianuwv ])lant. and sulphate of anuuiaiia 
plant. The working drawings which are ineorponited 
in this .s<‘ctioii re[a-esent actual designs worked out 
in the light of a long e.x|)eri(aiee of the conditions of 
manufacture which obtain in this country. Kaeli seetitni 
deidiug with a speeita^ type of |ilant has been .so modelled 
as to include the design of buildings most stiilable for 
the housing of etigines, tanks, etc. (where buildings tire 
uece.ssarv). This im^thoil of treat,incut results in a .series 
of ehajiti'is each of which deals with a particular 
department of chemical plant, and the value of this 
arraug' tuent lies in the fact that the works tnatiager who 
is confronted with the task of designing such a plant 
bits placed before him a reliable guide, esiieeially to 
the constructional side of the work. 

The third section of the volutue is devoted nminly to 
a consideration of the general plant which is required in 
the oi|uit)meut of a chemical works. The selection here 
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has been faicfully inado, and includes only the best 
and most np-to-datc aiipaiatus. Hero, again, the fruits 
of a hnigthy oxperitaice hiive been brought to bear, and 
the ]dant dese.ribed and illustrated will be found to be 
the l)est oC its type. As far as i)os.sible, tlm “ catalogue ” 
element has been eliminated from this st^etion. This is 
not an easy thing to do. .All maniifaeturers have acetwa 
to engineers' eiilalognes, and the task which (a)nfronted 
the authors was to .select tho.se pieces of plant of which 
llnw have practit^al knowledge, anil to give such dettiils 
as are not readily a.ecessible to the avi-rage nianufaetnrer 
or works eliemi.st, and to fnrni.sh them with such hiiit.s, 
drawn from actual ex|)erii nee, as will enable them to 
make a wise .seh'ction. Progress in this de|iartmet]t 
of engineering has been ver\ raiad of recent years, and 
nowheii! is cari' more needed t lan in seeming well- 
designed and dnrabl(‘ acces.s(a'ies for (he eipiipinent of 
a chemical works. 

To Sinn lip the objects which the authors have in 
view in placing this volume in (he hands of the technical 
chemist, their aim has been (o present in each cha.|)ter 
a smmnary of sound practice in it] -to-date cim.struction ; 
to give such jiractical details as aie not. generally to be 
found in the theoretical treatises on the subject; and to 
aid tho.se respiaisible fia’ the management of chemical 
wtirks in tin' task of designing iic’v works by dealing 
with the subject, as it would be dealt with by a consult¬ 
ing chemical engineer if such an expert were called in to 
aMvi.se. The most valuable portion of the book will 
lirtdiably be found in the jilatcs of working drawings 
which are jiresented, and the chapters dealing with the 
design and arrangement of the jilant. In the nature of 
things it is not ]io.s.sible to include details of what are 
still semi-secret pieces of chemical plant. It is otpially 
itnpossiblc to give elaborate descriptions of some types 



of plant which are still in the process of evolution; but 
within the limits which the authors have carefully im¬ 
posed upon themselves the volume will, they believe, be 
found a useful addition to the literature of chemical 
technology. 


Dotbb, July, 1911. 


S. S. D. 

s. s. c. 
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CHAITER I 
('HOICK OF SITK 

One of the chief features {joveruiii^^ the choice of a site for 
a works, apart from its vicinity to canal, railway, or river 
approach for the means of carriaR(i of its raw materials and 
finished products, is, of course, the nature of the ground it¬ 
self, considered as to its suitability for carrying the structures 
required for llie operations of the particular manufacturing 
processes in (juestion. 

A gocKl natural foundation should, if possible, ho secured. 
By this is meant either a good rock foumlatiou, close gravel, 
or hard clay. Ground which is of a shifting nature should be 
specially avoided, as also ground which would require pile¬ 
driving, and these remarks are specially applicable where any 
heavy superstructure is contemplated. 

For this reason trial holes should be dug in various parts of 
the site, and a site plan prepared on which the position of the 
holes can be marked, tog(;ther with notes on the nature of the 
soil at these points. If the site is not level, the levels could 
also be plotted and marked on this plan, although a separate 
plan giving the levels is more often preferred. 

For choice, a level ground is preferable in many cases, al¬ 
though in some instances advantage may be taken of inequalities,, 
especially in works designed for the heavy chemical trade, or in 
alkali W'-rks. Several instances might be cited where, in the 
experience of the authors, varying levels have been turned to 
account by using the lower levels as dumping-pits for the large 
quantities of waste of different kinds made during the processes 
of manufacture. Again, similar advantage may be taken of 
varying levels where liquids may be allowed to find their way 
from one process to another by gravity, instead of being pumped, 
thus effecting a saving in cost. 

1 
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It is liardly necessary to draw the attention of those engaged 
in the alkali and heavy chetnical trade on a large scale to the 
necessity for choosing a site where plenty of land is available, 
as a considerable ar(;a is taken up by the large stores of raw 
material requirwl both for use in process operations and for 
repairs to plant and buildings. 

Fii some districts where very few houses exist, it may be 
nec(;ssary to liuild cottag(!s for the (imployiies, and additional 
ground may Ixi purchased near to or adjoining the works for 
this purposi'. Port Sunlight (Messrs Ijever Jh'os.) is a fine 
example of this kind, but not many firms could face the expense 
of putting up cuttiigos of this ty^x'. A less pretentious scheme 
is tliat of th(' Village of Kynocktown, in Essc'x, ('rented for the 
<‘mj)l(>yees engaged m the explosives factory of Messrs. Kynoek, 
Tjimited. Although not I'ligaged in the chemical trade, while 
considering this snhjeet the arrang<-‘ments which Messrs. 
(Ijidlmry, of cocoa fame, have mach' for tlxur w<n‘kpeople at 
ifoiiruville, near Ihrmingham, are worthy of (‘arefiil study. 

As far as possihle, it is also welltotalu* into account piohahle 
ext('nsions to the various luiildings and ]ilant and the ground 
that would he nxjuircal for this jmr]>ose, and while aiming to 
arrange the plant so as to n'lider it as compact as possible, tlu' 
giUieral lay-out should he carefully considered, so as to ])ermit of 
futurci (JxtuiiHioiis. Port Sunlight may again bo taken as an 
example of a site chosen which admitted of ready expausian, as 
<'vid(‘need from the fact that from a wciekly output of about HfX) 
t(Uis per W('ol\ wIkui the works were started there, some twtmty 
years ago, tlu' weekly output is now over H0(H) tons, and em¬ 
ployment IS given to some 4000 peojde, while extensions arci still 
going on. Many operations that were probably not thought of 
in the original scheme of these works wlien they wen* trans¬ 
ferred to Port Sunlight, have lieen capable of being installed. 
It is stated that over sixty trades are to ho found carried on at 
Port Sunlight. Wo venture to think this could not have been 
done had not Messrs. Lever Pros, wiscdy chosen their site with 
a view to expansion. 

4’hi8 point sometim(*s receives little consideration. Although 
such pnwision involves addjtiou.al expenditure upon land; it 
will in many eases be found better to face sucli expenditure, 
especially if the manufacturing operations are to be upon a 
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large scale. Evcu in the case of a comparatively small works, 
expansion is far easier and cheaper if a little sparer land 
can be secured at the outset. It is often a simple matter in 
planning a works to allow space for duplication of the most 
important sections of tlie plant. It maybe unnecessary, for 
instance, to double the minimum amount of land required 
and thus at the same time double the minimum capital ex¬ 
penditure on land, as it will be found that to makes pro¬ 
vision for additional units of this more bulky plant will be 
sntheient. If a power house, for instance, is to be erected, 
tins spac(‘ required for an jwlditional steam or gas (sngine 
d(X‘s not mean that a plot of land double the size of that 
requirc'd lor a single (Migine will be called for. Similarly, in 
designing the boiler-house it is not iieci'ssary to allow for 
actually douliling the number of hoders, hut if, say. three or 
four are rtMjU]re<l at the outset in a works of medium size, then 
provision for two additional boilers would eiialilc the manufac¬ 
turer to add vi'i'y :ipprecial>ly to the capacity of his plant at a 
small additional cost for laud. Mor<‘ov('i', spare ground is al w<ays 
e.xLronudv valuable for storage purposes. 'J’he point to be kept 
ill mind is that if a works is even moderately successful, then 
expansion in some degree will be necessary at a fairly early 
date, and one of th<' greatest drawbacks to such expansion is 
lack of space. 

Where land is chosen in the vicinity of the coast, or along- 
sid«‘ an estuary, it is advisable to obtain definite information as 
to tlu' liigbest tides with respect to the levels of the site chosen, 
as these will atlect, to a great extent, the arnuigisment of the 
drainage, whudi is a feature that is too freijueiitly lost sight of 
in the laying out of a works. We have known eases where 
insufficient attention to the details of the drainage scheme lias 
led to a vast amount of expense and inconvenience at a later 
date, buildings have actually been placed over the main drains, 
and much ex})ense has been incurred in obtaimug access to these 
drains when a stoppage occurs. We shall have more to say on 
tliis matter when dealing with the laying out of the works in 
Chapter IIL 

When the site has been selected, and the general arrange¬ 
ment of buildings and roadways has been settled, the question 
of drainage should then be the first jioint to receive close atteu- 
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tion. If the site is on the coast or on a tidal river, the flues from 
chimneys, “boilers, and furnaces should be kept above tide or 
flood level, as the stoppage of any industrial process might easily 
be caused by the flues being flooded. We may quote one ex¬ 
ample, where, owing to this matter being overlooked, the pit of 
a atit of gas-producers was placed below the level reached by 
high water at spring tides. The whole of the producers were 
put out, and the furnaces which were supplied with gas from 
them rendered useless for the time being. If for any reason a 
pit has to be below water hwel it should be built as a concrete 
tank, and finished off with cement, so that water cannot leak 
through. The reason for the pit Ixiing so low down in the? case 
just mentioned, was in order that the charging stage should be 
on a level with the floor of the coal wagons, and thus facilitate 
unloading the fuel. 

A plan that was adopted hy a chemical works recently 
erected, situated on a tidal estuary, was to build all the flues 
on the ground level, and fill up level the top of these with the 
excavated material from other portions of the works. This 
placed the working floor kwel at such a height as to leave the 
adjoining ground available as a tip for the cinders and clinkers, 
and other solid refuse, and ensured the flues being well above 
any drains ; all the drains being below the natural ground level. 

A plentiful supply of good water is a luaicssity for most 
chemical processes. It may happen that the water that is suit¬ 
able for process operations would not be suitable for us(j in the 
boilers, or vice versa. 

We have known several cases where on this account wells 
have been sunk, in addition to the other sources of supply for 
the works in question. Where a well is sunk, the top or surface 
water must be presented from draining .into it, so as to avoid 
impurities. It may be necessary in order" to secure this, to 
use cast-iron cylinders bolted together with internal flanges, 
a common size for this purpose being about 3 feet diameter 
and in G feet lengths. This is for cases where water can be 
reached at moderate depths, but whore it is necessary to go to 
a great depth recourse must be had to a bore-bole lined with 
tubes, the joints of which must be thoroughly tight. But deep 
bore-holes are costly, and should only be resorted to where 
other means of supply fail. 
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At one works with wHich we were connected, the water 
supply for the boilers was obtained from a deep bore-hole, and 
the water wa.s raised by means of an air jet supplied from aq 
air compressor. The air lift was kept almost in constant use, 
and supplied an open reseiwoir from which a battery of six 
Lancashire boihirs obtained their supply. 

In negotiating for the purchase of land it is advisable, if pos¬ 
sible, to select a site wheni the purchase; carries with it any mineral 
rights. This provision frecpiently guards against anv subsequent 
complications which might otlierwise arise. In any case, careful 
investigation should he luadi* into the question of these rights. 

In districts where mining or brine pumping is in process, 
serious damage to Innldings often results from subsidences, and 
for this reason, if at all possible, suoli districts should bo avoided. 
In the case of an alkali works, brine sprmg.s may of course he 
bought along with the land, and here the possibility of sub- 
siden(‘(‘ is entmsly the concern of the mamifacturiT. 

Another important question which must be considered is 
that of tlu' proximity of the projeck'd w'orks to agricultural 
land. I^’amuirs liave, generally speaking, an inveterate hatred 
of chemical works. In justice to them it must bo admitted that 
they have sometimes ample cause for this ; but it is a fact that 
in many instances (;omplaints of nuisance arising from chemi¬ 
cal works are freijuently made on the mo.st flimsy grounds. 
Various particularly evil-smelling industries are tolerated far 
more readilv tlian the legitimate chemical processes, and the 
unfortunate manu<'a(;tiirer who happens to select a site where 
the prevailing winds render it impossible for him to conceal his 
existence will speedily find himself in serious trouble with any 
local magnate whose resideiici' is within range of the works. 
It 18 useli'ss to plead tliat in comu;ction with chemical manufac¬ 
turing estahlishinents some degree of odour is inevitable. Kvon 
where actual damage to growing crops or vegetation cannot he 
proved, (he management are very seriously handicapped, and this 
aspect of affairs must be given ample weight when searching for 
the best site. 

The direction of the prevailing winds may easily be asct)r- 
tained if there are any trees in the neighbourhood, and this, as 
emphasized above, is a matter which is well worthy of close 
attention. 
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'J’lie geo^fraphical position of a chemical works has a very 
important l)eariug on the commercial success of such an under¬ 
taking, and in the selection of the site for a new works the con¬ 
siderations winch must ho borne in mind arc now receiving 
careful attention. The points arising under this head are of 
e<jual nnpoi-tance to all manufacturers engaged in any of the 
allied industriiis, and a few examples may be usefully mentioned. 
In tJio case of an alkali works it is un|)orativ(( that a plentiful 
siijiply of brine shall be availabks or, failing this, that the works 
shall be 8<i situated that chemical salt mav be obtained m large 
(]UuiiliLi(‘s with a muiiiiium of expense for carriage, The natural 
situation of Clieslnre bus grouiu-id m that county and the adjoin¬ 
ing county of Laiuaislnre the principal works in Llu^ alkali tradis. 
The (llieshiri* salt maker has at hand abundant supplies of fuel 
from the Lancasliin’ coal-fields, and liis otln'r princijial raw 
materials, such as ]»yrit('s or brimstone, may he brought by 
water by means of l!i(‘ \\k'av(!r ^Navigation or tlie Manclu'sti’r 
Ship ('anal, riMlucing the cost of railway transport <n’securing 
to Imii the advantages of watesr competition with the railways. 

Ill the. soap trade, we find Messrs. Lover Brothers, as alroiidy 
not(‘d, established at Tort Sunlight, where not only can the 
supply of chemicals be drawn from the greatest nlkali district 
in the world, luit fuel suppluss an* close at hand, and tlu' other 
bulky raw materials, such as oils and fats, may be lirought by 
ocean-going vessels to tlu* rivi'r-sidi^ whaiwes of the factory, 
'fhere can be no doubt what(‘V('r that such natural advantages 
of geographical situation have* contributed very materially to the 
wonderful prosperity of Tort Sunlight. 

The same district has recently witnessed the* dcivelopment of 
a large works in an industry whicli is in many respects becom¬ 
ing of a chemical nature -we reb'r to the Hawardeii Bridge 
Iron Works of Messrs. John Summi'rs k Sons; Limited. Here, 
on the Dee marshes, smelting furnaces and rolling mills on a 
very large scale are supplemented hy a large chemical works 
which produces the vitriol, hydrochloric acid, etc., used in the 
production of galvanized iron, dealing also with the residual 
liquors resulting from the galvanizing process. In such opera¬ 
tions considerable land is required for such bulky plant as vitriol 
chambers and crystallizing vats. Other advantages of such a 
situation are found m the easy disposal of olfluents, as well as 
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the cheap water tranB|K)rt of very heavy goods—both raw mate¬ 
rials and finished products. Iron ore can be brougiit in bulk 
cargoes, salt and j)yritos come in the same way, while export 
business is very iniU'h simplified. 

Another favonn*d district fof such works as come within the 
scope! of th<* present volume is that which is served by the Man- 
clu'ster Ship Canal, and here, as an instance, may be cit(id the 
great Westingliouse Works at 'I’rafford Park, Manchester. The 
Co-uperative Wholesale Society has a large 8oa)> works at Irlam, 
also on the Maiicli<‘stei- Sliip Canal, wliile Messrs. Crosfiold 
Sons, at Warriiiglon. Ixmefit in no small measure by the facili¬ 
ties for \vat(-r transport derived from tliesame great waterway. 

Other districts might Ite mentioned us showing the import¬ 
ance of careful selection ol the site for a n(‘w works, but sullicient 
iias Ix'on said to einpliasize tin* iie(!(‘ssity of careful attention to 
some of those points winch mak('for economy of production and 
cheapiK'SK of transport. Such districts as have lieen referred to 
combine uearm’ss to salt supplii^s, (dose proximity to large coal¬ 
fields. water carnage by sea, nver, and canal, with efficient 
railway facilities. 

AnotluT im2«>i'taiit iiomt in tlie selection of site is that it 
shall lie within easy rt!ach, by road, of llu! mark<'t which it is 
intended to tap. From the point of vi(‘W of cheap transport 
the increasing adoption of tlie motor wagon nnubirs it neces¬ 
sary tob(' on the line of good highway communication. Kecent 
dpvelo])meiits in the railway world have made it imperative that 
the mannfactnrer sliall have an alternative system of inland 
transport with which to compiik! against the high freightage 
charges of the railway companies. Second only to water car¬ 
riage must he placed an elficient system of motor transport for 
goods. This is a subject which is receiving close attention 
on the )>Hrt of many manufacturers. 

In deciding upon the locality of a new works, consideration 
must he paid to the facilities alTorded not only for the transport 
of raw materials and finished products, but also to such points 
as the sources of supply of electric current for power and light¬ 
ing, and cheap gas for power generation. Various districts are 
now being brought to the notice of manufacturers who may be 
contemplating the establishment of new works, by municipali¬ 
ties which offer special tr(‘atment in these directions. The 
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steady increase in tlie rates nf many large towns has compellecl 
large firms to migrate, and where such a change may be de¬ 
cided ui)on it is needless to emphasize the advantage of cheap 
supplies of electric current and gas. In some departments of 
the chenjical trade, and particularly in connection with any 
process of an electro-chemical nature, the possibility of obtain¬ 
ing clie'ap electric current from the local generating station is 
very important. It is to the advantage of a municipal electri¬ 
city works to secure a full “ load ” during the day-time, when 
the (mrrent is not being retjuirt'd for town lighting, and in some 
districts, at all events, it will be found that current for industrial 
use may be obtained from llu* town's main at a lower figure 
than that at which it could Ix! generated in th(! works itself. 
To produce electric current liy means of steam-power is gener¬ 
ally an ex})ensive process. Present-day practice points to the 
use of large gas engines as being the most economical source of 
mechanical power, and if gas engines are adopted, thii choice of 
supply of tlie necessary power-gas liiis between the town’s 
supply and tiio adoption of gas-prt»ducer plant. Where gas for 
power purposes is tavailable at a low figure, this may obviate 
the necessity for installing plant for its manufacture, and in 
some towns in the North of England, very low i-ates are offerc‘d 
for gas supplies. The adciption of producer-gas. to be trans¬ 
formed into ]H)wer l>y means of the gas engine, places in the 
hands of the maiiufactunir a very cheap metliod of g<merating 
electric current in his own works. The suhji'ct of power 
generation will he found dealt with at length m llu‘ chapter on 
this subject, hut in passing it may be observinl that the facilities 
offered in the direction of cheap electric cum'nt and clieap gas 
may with advantage be carefully weighed when deciding on the 
site for a new works. 

The control of chemical works by the L6cai Government 
Board under the Alkali, etc., Works Ki'gulatiou Act, cas regards 
the emission of noxious vapours, has now lieen in force so long 
that the relations between manufacturers and the authorities 
are clearly defined. The administration of this Act had bt'en 
can’ied out very wis(;ly, and with marked benefit to the manu¬ 
facturers themselves. Such a result has been attained by 
entnisting the inspection of chemii^al works to men who have 
had long and practical experience in the working of the various 
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processes, and in touching upon the sul)ject of gaseous effluents 
it is only fair to record the cordiality of the relations betw(?en 
the'inspectors and the firms engaged in chemical manufacture* 
For convenience of reference, tlie text of the New Alkali Act, 
which consolidated the previous statutes, is given as an appendix 
to the present volume. 

Of equal importance with that of gaseous effluents is the 
question of the di8})Osat of waste liquors from chemical processes. 
Here, again, the wisdom of selecting a site where such effluents 
may after suitable treatment ])e turned into adjacent water¬ 
courses is self-evident, and this brings up the question of the 
supervision exercised by Kiver Boards over sucl\ watercourses, 
and due weight must be given to tlu! requirements of the various 
authorities. 

In some cases the Kiver Conservane-y Boards pennit effluents 
containing not more than a .small percentage of acidity, and 
where effluents of an aci<l naturt? are likely to be turned from 
the works into the stream or sew'er, some process for neutraliz¬ 
ing, similar to that which is in vogue in many works, namely, 
liming the ditches, would have to be adoptisd. 

Whore liming is resorted to, tlu; lime should be added to the 
effluent in the form of milk of lime, and a good mixer, of which 
there are several on the market, should be used. It should be 
borne in mind that it is far cheaper to buy good lime that is 
readily solvent, even at a higher price, than a cheap lime which 
leaves a large amount of sludge. '^I’he works chemist should 
make tests of the effluents twice or three times a day and a 
record should be kept of these. On the visit of the Kiver Con¬ 
servancy Board inspector samples should be taken at the same 
time that he tak(^s his samples for analysis. 

If the levels would allow the flow of the effluents to fall over 
a cascade, tliis would greatly add to the mixing of the effluent 
with the milk of lime. Otherwise it is a good thing for one of 
the labourers to be told off to stir the ditch up with a paddle 
occasionally. 

So far we have been considering the choice of site in relation 
to works of some magnitude, but there are of cijurse many 
minor chemical industries in which no obnoxious gases are 
evolved or effluents to bo disposed of, and which would be quite 
capable of being carried on hi a manufacturing town without 
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fjiving cause for any complaint to such manufacturers. It 
might here be possible to take advantage of the particular 
districts wh<*re coritorations are laying tliemselvcs out to supply 
electrical power, hydraulic power, a!id gas supplies, both for 
power and lighting. 



CHAPTKK TL 

NOTKS (►N M\'I’KHIALS USKTI IN t;ONSrRlT(TION. 

In C()iisulerin<j tin* materials of construction mostly used in 
coniK'ftion with chemical works, these may for ctmvenicnco he 
placed iu four classes ; building materials, siudi as bricks, slate, 
^dass, stone, ci'inent and concrt'te-formin^i; mah^rials, fire-clay, 
earthenware, and similar sulistances com})ris{‘ t>ne class; timber 
may form amdlier class ; metals still another ; while in a fourtli 
class Kiieli miscellaneous suhsLaiices as ruliher, leather, felt, etc., 
may he placed. 

Metvi.s. 

In llie alkali trach', lea l takes the foremost position amongst 
this class of matonals. (last-iron comes a good second, with 
steel and wrouglit-iron following. Such materials as copper and 
alloys with cop]K*r, zinc, aluminium, platinum, phosphor-bronze, 
and n'gulus imdai are only ii^^ed in a minor degree comxiared 
with thi' metals previously mentioned. 

Load. —'fhe lead usihI for chemical purposes is specially pure. 
The weight of lead, roughly speaking, is about eleven times 
that of water. Sheets of lead ean now he rolli'd to almost any 
thickness required, and for shi'ets of medium thickness can ho 
obtained up to feet in width and up to ‘25 feet m length, or more. 
L(*ad has a gr(*ater co-elhcient of elongation under heat than 
any other metal, and, being extremely ductile, is capable of being 
beaten into almost any shape desired. It must he remembered 
m dealing with lead-work for chemical purposes that no soldering 
is permissibh*, and that all joints must he made liy molting, or, 
as it is generally termed, load-burning. This subjixjt is touched 
upon in Chapter III., in speaking of the plumlier's shop. 

Lead barreling can be obtained in r2-feet lengths, from 
21 inches to 6 inches in diameter, and solid drawn-lead pipe 
of the smaller diameters can b(! obtained in coils of almost any 
length desired. 

:ll) 
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Old chemical lead will jjenerally fetch a fairly good price 
wh(‘ii it is disposed of, but in most cases it can be utilized by 
melting up for various purposes in the factory. Lead is gener¬ 
ally spoken of according to the weight ])er superficial foot, such 
as 5-, (>-, 7-, or H-pound load. 

In conjunction with leadwork generally, attention may be 
drawn to the numerous fittings that are made in rcgulus metal, 
and which can be readily connected by the plumber to vessels of 
load. These fittings are well known to all chemical manufac¬ 
turers and chemical engineers. 

Sulphuric and hydrochloric acids have no action on lead at 
ordinary temperatures, and hut little action at a boiling tempera¬ 
ture. Nitric acid dissolves the metal with evolution of nitric 
oxide, especially when the acid is rather dilute. Tlie vapours of 
acetic acid corrode lead rajndly, and in the presence of carbonic 
acid convert it into white lead. Alkalies have no decidtxl action. 
Chlorine converts the metal slowly into lead cliloride, but the 
surface film thus formed protiscts the metal heneath. 

Lead is extensively used as a jointing material in forming 
spigot and faucet joints where the liejuid lead is run in. A form 
of lead joint which is said to stand hciavy pressure, and which is 
claimed to he made more easily than a run-lead joint, is that 
made witli lead wool as manufactured liy the Lead Wool (k)., 
of 8nodlaud, Kent. 

Copper. —Copper, altliough not us(‘d to the same extent in 
chemical works as lead, is emjiloyed extensively in condensing 
and evaporating plant for various purposes, while its uses in 
connection with electrical plant are too well known to mention 
in detail. 

Phosphor Bronze .—In a paper entitled “ Some Notes on Phos- 
ph(>r-]h'onzc,'’ read before the Institute of Metals, Mr. Phillips 
pointed out that the special characteristics of this alloy are : (1) 
its freedom from corrosion by siilt water, which is apparently 
largely duo to the absence of zinc ; (2) its high qualities as a 
mechanical constructive material as comjiarod with an ordinary 
zinc-free brass; (3) the small etfect which rise of temperature 
has upon its mechanical properties, which remain practically 
unimpaired at temperatures at which zinc-containing copper 
alloys exhibit serious falls in strength; (4) a spark cannot be 
readily obtained from it by a blow; (5) phosphor-bronze of 
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high phosphorus content possesses low friction co-efficients for 
most metals, and is hard enough to resist abrasion well. On 
account of these properties phosphor-bronze is particularly suited 
for boiler fittings and fittings expf>sed to water, for the construc¬ 
tion of machinery for the manufacture of explosives, and for 
bearings for liigh-speed inaidiinery. 

Ahinmium.—hi a paper alw) read before the Institute of 
Metals, Mr. Bonner has called attention to the fact that alu¬ 
minium is now selling at about lialf the price which it com¬ 
manded seven years ago. The motal, owing to its lightness, is 
very useful where handling of liquids has to be perforin(3d by 
means of movable troughs, move particularly iu cases where 
troughs or similar vessels in lead would be extremely heavy 
and unwieldy, whgreas such vessels in aluminium can l)e readily 
handled. We have used aluminium fans for removing acid 
fumes, and have found the metal to witlistand the action of the 
acid much better than any other material at similar cost. In 
ex})losive8 works particularly various articles of aluminium are 
in use. The only drawbac;k in the utilization of tliu metal for 
general purposes is the difficulty of brazing, as this requires an 
expert knowledge to make successful joints. 

In a paper road before the Iron and Steel Institute Mr. 
F. J. K. Canilla has given some useful hints on the use of cast- 
iron in the coustniction of chemical plant. He observes that 
cast-iron is a substance which, in conseijuence of its varied 
composition and uncertain propertio.s, it is most difficult to 
classify. The consequence is that there arc certain firms who 
possess experience and special knowledge of the use of parti¬ 
cular brands for various purposes that are unknown to the 
trade in general; nevertheless some simple rules can be applied 
even in this case. 

For certain purposes, as, for example, ammonia stills, cast- 
iron seems practically everlasting, and there can be no secret as 
to brands. The cast-iron parts of such an apparatus known to 
the writer of the paper were stated to be practically perfect after 
eighteen years of working. There was no sign of wear in any 
of the cylinders, and a remarkable fact was that the lower 
section of the liming cylindcirs, containing the manhole, had 
been repaired at the time of erection, a large blowhole being 
detected in the casting; the place was made good with rust 
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cement (iron filings and sal-ammoniac), and notwithstanding 
that the work was carried on at a pressure of eight to ten 
]) 0 UJuls per square inch, no leakage had taken place. 

In the case of ammonia stills, the reactions are entirely 
basic, hm(5 being usi'd to drive ofil' the fixed ammonia, but even 
acid chemicals have sometimes little action on cast-iron. Nitre 
pots of cast-iron will withstand the action of sulphuric and 
nitrous acids in a glowing furnace remarkably well, the set'th- 
iiig mass taking mouths and sometimes years to destroy the 
vessel. Yet wlien hydrochloric acid is in (piestion, cast-iron 
succumbs like any weaker metal. Whilst tins is common know¬ 
ledge, tlie fact IS not reab/ed to its full extent. J’ercy (“Iron 
and Steel,” ]i}>. 145-17) descrilies the experiments of Darnell, 
wild olitained trom a cube ol cast-iron, iiuuierseil in dilute 
bvdroeliloric acid, a spongy mass, easily cut with a knife, which 
was dark grey, and somewhat rescmliiing pliimhago. Tie also 
gives the following analysis, ity Calvert, of such a residue })ro- 
dueed by the uninterrupted action of the ai'id during two years 
on culx's of the metal:— 

I^J^t in>ii 

I’lTl'c'lll I’rl font 

CjirliDK - :l'9(Ki ll-OJo 

NitioKC‘11 ■ - l)7'M) -J .■.!)() 

Silicmi It47s (,ii7il 

Iron . - - . -l.Vin 7IMM.() 

Su]]»liur (l-l?! Udlir. 

Ph0Hi3lii<rus - - 

I,(Ks ... - 0 KW Oiiori 

nxHXHi nxnxM) 

As an exampk' of the violent and ra])id manner in which 
corrosive action may take jilace, Carulla instances a case in which 
the plug of a cast-iron cock, used to keep hack ferrous liquor 
containing a very small percentage of hydrochloric acid, was 
acted upon to the di'pth of one-eiglitli of an incli in a few 
months. This discover) was most opportuni'. as it causi’d the 
(sxamination of a cast-iron vessel of consideraide size into which 
the liquor in question was admitted, and a similar action was 
found to he going on. It was fortunate that this was perceived 
at such an early stage; as little damage had heen done, by a 
variation in the process, in no way detrimental, the action 
was arrested while the vessel was still good. Ammonia had to 
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be used ill the process, and a portion Iieing introduced at an 
earlier stage, the acidity of the liquor was ncutraliziid. 

It is therefore evident that the action of hydrochloric acid 
must be carefully guarded against. Both the user and the 
maker of vessels that have to withstand it are interested in the 
matter, and hero eom(‘s in a distinction. Cast-iron is divided 
into two main groups—the white and the grey, ^’he experi- 
imnits of Pr(jf(jssor Danii'll showed that grey iron is mon; 
rapiilly attacked than the white—Ihn'o tiim^s as fast. Hence, 
if a cast-iron v(‘sscl is reijuiri'd to resist tlie action of hydro¬ 
chloric acid, it is iH'asonable to sav that white iron should be 
selected. Other conditions may require consideration, liow- 
i!vcr, and if the vessel has to resist internal juvssure, the 
tougher grey iron is preferable to tin* white and brittle. Tli<‘ 
natural solution the problem is to make a im.\ture of a white 
and a gnw brand, tiu! gr<‘y giving the ti-nacity and tin; white 
the acid-resistmg power. Mr. Carulla suggests that a better 
plan, h<)W(‘ver. would be to cast round collapsible chills with 
grey iron, when the interior of the easting, assuming this to be 
cylindrical. l)ectuning wliite iron to a cc'rtam depth, would 
olTer tin* reijuired cliemical resistance, whilst the outer coat, of 
considcirable thickness, remaining grey, would give the neces 
sary tenacity. Vessids for choniical operations could cortamly 
be jiroduccid on tins plan if it lias not alreaily been adojited. 

Til (ainnection with tiu' action of liydroebloru' acid there, are 
operations in which nid only the unexpected but the unsuspected 
may happen. It is w’e.ll known that liydrochloric acid, in its 
fre(‘ state, and especially in its weak state, must be guarded 
against, but the action of chlorides is apt to be overlooked. 
’When ammonium chloride is heated to 800" (’. it is dissociated, 
the hydrochloric acid being set free, with serious results in the 
case of iron tar stills, for exaiqik', which when lieated to 825° 

are aUV UmI by the ammonium chloridi' that has not been 
separated from tiie raw tar. 

A further point em]>hasi/ed by Carulla is that wrouglit-iron 
chaplets should not be used to hold up the cores of pipes, etc., 
intended for chemical work. Failures are certain in such cases 
when the chemical has any aedion on iron, as the comparatively 
pure metal is more readily attacked than the cast-iron. Even 
when cast-iron supports are used failures may still result, as the 
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fusing together with the main casting may not be complete. 
The method of casting pipes vertically without the use of chap¬ 
lets is, therefore, to be recommended for chemical work. 

MiscdJaneoiis .—Of miscellaneous materials, the following are 
much used : Vulcanite. rubl)er,rul)berito, ebonite, asbestos, glass^ 
white Iliad, leather, Uralite, Willesden paper, hemp and rope 
packing, and IVilL. 

Af^hostos .—Asbestos is a most useful material in chemical 
works. It IS unaffected clicmically by many of the active agents 
likely to attack most insulations; it is generally ajiplied for 
boiler and pipe coverings to priivent heat radiation, and its etfi- 
cieucy is gi-eatly increased by developing the cellular structure 
of the covering. A mass of asbestos, fiberized and then com¬ 
pressed, is highly porous, and is rendered not only wat(;rproof, 
but an especially effective insulator, under conditions of varying 
moisture, by being saturat(‘d with certain varieties of asphalt, for 
example. 

■J’here need be no waste with asbestos, as the scraps from 
a sheet, soaked in water, make a good cement that can be used 
for making joints in a similar way to making a rust joint, and 
which will not ho affected by acids. When asbestos is used for 
making joints between flanged pijies, it should be blackleaded 
on each side, so that if reejuired to break the joint it will leave 
easily. 

In close connection with asbestos in its various forms is 
uralite, a building material made in sheets, and composed of 
asbestos fibre cemented by a mineral glue. Uralite is manu¬ 
factured in large sheets, wliich can ho employed in the place of 
corrugated iron in roofing, and of wood in lining walls which it 
is desired to render incombustible. It has the advantage of not 
being affected by water at any temperature, nor by fire, and con-' 
scHjuently resists the action of the weather when exjKised, as 
when employed in place of iron roofing. In first cost the 
two materials are about equal, but as the Uralite sheets are' 
of much loss weight than the iron, the cost of construction 
is less. 

The composition of Uralite, which is unacted on by heat,cold„ 
or water, is entirely mineral. It consists mainly of short fibres 
of asbestos; these are reduced by the aid of most elaborate 
machinery to a fine wool-like texture, and mingled with gela- 
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tinous silica and a small amount of chalk. The teaction of these 
substances on each other, when submitted to heat and pressure, 
gives a material in which the silica, restored to its normal state, 
cements the asbestos into a firm substance, with a hard tough 
surface, not offering any tendency to laminate, and which, when 
formed into sheets, may be used for building purposes, and can 
be regarded as practically ind(!8tructible. 
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(’HAPTER Ill. 

FIRST I'RINCJPLRS IN LAYING Ol'T v\ WORKS. 

Amongst the first principles to lie considered in laying out a 
works are the ways and lucians of transport, hotli as regards the 
raw materials and the finished products. In the nature of things 
the raw materials far exceed the manufacturiMl goods, in bulk 
and weight Where the works have good wat('r connections the 
greattT part of the raw materials may lie brought in in tliis way, 
as water carriage is generally far cheaper than railway tnins- 
])ort. but, as pointed out in our first chapter, provision must also 
he made for a railway siding mto the works, as well as a good 
roadway for ordinary cart traffic. The width of the roads should 
be sufficient to allow one carl to pass anotlier, and the road 
should have a slight fall from the centre to each side for draining 
the surface. 

In close proximity to the line, of railway and the wharf should 
be ])laced such buildings as tlie power house, and those process 
buildings wlnin^ large quantities of find, or raw materials, will be 
UHiid : and ample space should be allowed for storage! of the sup- 
])lies for these portions of the plant. I’rovision must also be 
made for the disposal of the large amount of ashes and clinker 
from l)oiI(!rs and furnaces when dealing with this question of 
coal storage. In cases wliert; tlie cinditrs from tlu! furnac(‘s are 
lujt required for road making within the works, there is gener¬ 
ally no difficulty m getting rid of them where there is a railway 
siding mto the factory. Most railway (!oni[)anies will take them 
away, free of charge, for use m ballasting the line. 

The several buildings reipured for the proct'ss or manufac¬ 
turing operations should n»!xt he considered, as to their size and 
relation to each other. Q’he chief point to hv kept in mmd in 
this arrangement of proce.ss buildings is to plan them, as far as 
possible, m such a manner that the development, from the 
CIh; 
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Btati’ of raw material to that point where the finished product 
is deliv(ired to the stores or loading deck, proceeds in natural 
sequence. 

Bearing this point in mind, the process buildings can be kept 
together in a separate block from such buildings as an; relegated 
to stor(‘H and to workshops in connection with the upkeep of the 
factory. In most large works the artific(;rs employed in the up¬ 
keep of the (jstablishment, though forming a large item in the 
total expenditure, are a necessity, and nearly every type of 
artilicer is required. Thus we have the nu'chanics shop, the 
electrician’s shop, the blacksmith’s shoji, and the plumber’s shop, 
all of which can be gnuiped together ; and forming another group 
of buildings 111 close jtroximity to the one last mentioned wo 
have; the eaqxniter and joiner's shop, th<; painter’s and glazier s, 
and the bricklayer’s ston's. With I'cgard to the first groiiji, com¬ 
prising the meelianic’s, electrician’s. Idacksmitli’s and plumber’s 
shops, a very good arrangement is to jilace the m6;chanic’s and 
electrician’t. shop in tin* centre, with the smithy on one side and 
the plumber’s slio]> on the other, allowing room for extending 
laterally each om; of this row of shops. 

In th(i arrangement just suggested, t!i(‘ reason for placing 
the smithy and tlu; pliiinher's shop on the outside is that in 
each of thes(; cases a large supply of stores is niicessary to 
replace thos(‘ consumed. The plumber, in addition to coii- 
siderable (juantities of made-up articles, also requires a large 
platform on whieli he can roll out his sheet lead for cutting 
into tlie various shajies r(;quir(‘(i for the miscellaneous vessels 
and articles which come within his department of construction. 

In addition to these buildings, the store for general supplies 
must not he lost sight of. Tlie term “ geni'ral stores ” includes 
such goods as shovels, picks, rakt's, hammers, linckets, lirooiiis, 
brushes, valves, taps, ashi'stos, glass and earthenware goods, 
and clothing oi l uhhei goods used in special processes or under 
special circumstances. On account of fire risks it is best to 
make the oil store a separate building, isolated from the othei 
8tru(;tiir('s. 

The fonigoing rimiarks as to the arrangememt of Imildings, 
etc., apply, as will he assumed by the rcad(‘r, to a works of some 
magnitude. In such a works, the general stores is liest j)laced 
near the office block, as the goods need frequent replenishing, 
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and are so numerous in detail as to require a special storekeeper 
in charge, who will be in touch with the ollice staff. 

It is customary for the mechanic’s shop to keep a small 
stock of various fittings, nuts, bolts, files, pipe fittings, such 
as te<‘.s, elbows, valv{;8 and cocks of small sizes, of which the 
ftjrcnian keeps account, s(> tliat th(? different departments are 
charged with renewals and repairs. The general storekeeper 
issues these su])])lementary stores from time to time. 

'rhe same remark applies, to a wirtain extent, to the car¬ 
penter, as regards screws, nails, sandpaper, glu(i, etc.; to tlie 
]ilumber, for some of the smaller supplies he requires from time 
to lime; and so each tradesman, in his turn, draws from the 
genc^ral store to rephniish the stock whidi he ketqis in his own 
workshops, as it is obvious that lu' could not hv riiiiiiing to the 
general store wlieiu'ver he wanted some little artiele. 

The more bulky materials used by tlie difl'ereiit tradesmen 
are unloade.d at their shojis or stores, and tlu'y sliould account 
to tlie general storeki'cpi'r for them. 

Tlie i)ricklav<“r’s ston* is mainly an eiudosiul yard, with the 
ex(U“ption of a shi'd for stimng such material as ci'inent, ropes, 
ladders, bloeks, taekle. and tools, as most of the materials re¬ 
quired by the Iniikler are not al1'ecte.<l by tlie weather. 

A plentiful supply of weigliing maebines ari* very iiee(‘ssary 
adjuncts to a works dealing with large supplie.s oi materials, and 
will (juiekiv r(‘pay tiu'ir cost Oiu* of tliesi*, say a 10-ton w<‘igb- 
liridge, sliould be plaeiul on the jetty (assuming tiic goods are 
eoming m by water}, and another at tin* entrance h* The railway 
siding, while various smaller ones will Ik' reijuired al>out the 
works. 

It may Ixi liiat the weighliridge for gooils coming in by rail 
can be so situaUxl as to Si'rvi* for weiglnng also carts coming in 
by road, but in sueli a case the weighbridge should have sunk 
rails, so as not to olTor any obstruction to a cart Ixniig takiui on 
to it. The weighbrklgc on the jetty might in many cases he 
sufficient if of .'i-ton capacity, or even less, as there is not the 
weight of the trucks to take into consideration as on the railway 
weighbridge, the skips for misiiig the goods probably not weigh¬ 
ing more than 10 cwt. 

One or (more travelling cranes should be provided on the 
wharf, and these should be on rails the same gauge as the rail- 
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•^ay—4 feet 8^ inches—so that, if required, they could be used 
for breakdown emergencies anywhere else on the works, the 
railway being connecttjd up to the wharf. If the site will per¬ 
mit of it, the wharf should be large enough to accommodate 
two vessels coming alongside, if depending on the tide, as much 
time may be lost where a vessel has to wait for its berth and So 
miss a tide, as well as the important question of demurrage 
arising. 

A light tramway system throughout the works, ih in most 
cas(“R a very gi-eal saving in tlie transportation of goods from 
one department to anotlu'r. A 2'fl. gaug<' light rail, with turn¬ 
tables at i;<invenient points, is l)oth elieaply and easily installcill. 
Tn some eases an <tverli<‘ad l unwav syslein eoiild be iis(m 1 to great 
advantage 

finnost modern factories (‘leetrieity is mtw su|)erseding otluT 
forms ol p()v\eran(l Iiglitmg,aiKl as elec.trieily li'iids itself so readily 
lodisti ibution, the disposition ol lliejiower iiouse will lie best cini- 
sulted as I'l'gards its proximity to the jioint where llu; fuel can 
most convenK’ntly lie imloaih'd. If tin* lucl should come m liy 
water, then, il the ]io\ver house is placed close to the wharf, this 
will allow of a gangway liraiK^lnng away horn the* main wharf, 
and dividing into several hays, on whtcli lines of wagons, of the 
contraelor tip pattern, eaii lie run and tipped into the liays 
opposite tlie hoih'rs. A modi'rn power house will he found fully 
desciilicd in ChaptiT IV'., m IIk- design of which the prmcipli‘s 
here advocated ai-e ciiilKidicd. 'J’lu' clinker and ash from both 
furnaces and boilers are more often than not recjiiircd for 
road-making in tlu^ works themsc'Ivos, so that wi' need not lake 
into consideration the handling of these residuals in dealing with 
the laying out of a new works. 

As regards the electricity mams for the distribution of cur¬ 
rent, our preference in the case of most chemical works lies in 
the direetioi! -'f carrying these overhead. 

Workshops. 

In works where the finished products are sent away in drums, 
casks, or boxes, provision will have to b(‘ made for the storage 
of these. Where casks are required a coojierage would be neces¬ 
sary, and if boxes are also rcijuired a box-making department 
and cooperage could advantageously be organized in conjunction 
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with the carpenter and joiner’s shop, and the same saw-mill 
could be utilized for both purposes. A saw-mill suitable for an 
averaged-sizcd works and capable of taming out the packing 
cases and boxes, and also dealing with the usual routine work of 
repairs and upkec}) to other parts of the factory, is described in 
the Appendix. 

Boxes arc used in the following trades, amongst others: 
Soap-making, the manufa(;turc of starch, laundry blue, candles, 
explosives, cyanide, disinfectants, dyes, inks, borax, essential oils 
and essencijs, drugs, camphor, soda, (llaubcr and Epsom salts. 
In many of these industries the boxes for shipment have to be 
lead-lined, and therefore, after leaving the carpenter’s hands, 
arc passed on to the plniub(‘r, and from him to the packing 
department. 

Tn dealing with tlu' subject of workshops we would draw 
attention to the necisssity of disjKising these in such a manner 
as to eiisim' safety from lire. With this oltject the joiner’s 
sho})s and saw-niill slioulil, so far as jiossihb'. be k(ipt away 
from the fui'iiaces or power-house. It is williiii our knowledge 
thiit ii large joiner's shop in a works of (juite recent eoiistruction 
IS only separated by the width of a roadway Ironi tin* boilers 
and c-lmnney stiutk of a vc'ry largi' power plant, tin* sjiarks from 
the chimiK'y ol wliieli have Ix^i'ii seen by us to bill on the roof of 
th(‘ joiner s shoj). 

The same eoiisid(‘ratioii should jilace stori's eontauimg ni- 
flaminable material safely away from furnaees or from positions 
where sparks from a chinmey could reatdi them. 

If locomotives are use<l about the works, a spark arixister is 
generally fitted to the chimneys of thcsi;. In April, 1909, a 
lire occurred at Port Sunlight, resulting, as supjiosed, from a 
spark from a loeomotive engine falling upon soim^ resin barrels 
stored in stacks in one of the “ rosin fields The damage was 
estimated at about iOOOO. In our own experience a quantity 
of nitre bags that had been put out to dry, although a long 
way from the railway, were set on fire by a falling spark from 
an engine. 

The Drainage System . 

In our first chapter, in dealing with the selection of a site 
for a new works, we have already spoken of the extreme im- 
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portance of a good drainage system in the laying out of a factory. 
We may now indicate at greater length some of the points to 
be kept in view when dealing with this important question. 

The best position for the main drain is in the centre of the 
main road or roads, according to the extent of the works. The 
intercepting drains leading to the main should be laid with a 
good inclination, and never at right angles to the main drain. 
No inclination less than 1 inch in 10 feet should be given to 
any of the drains. Wh(5r<5 the depth of the mam drain permits 
of considerable fall, the drains, or the general trend of them, 
should 1 x 1 given the full benefit of the fall by a gradual inclina¬ 
tion to th(‘ main. A vertical drop is bad in many ways, as the 
siidd('n finsh caused by an unusualiy heavy downpour of rain 
will often carry a lu^avy deposit, which, precipitated through a 
vertical shaft, will tend to block up the outl(‘t. Serious stop- 
jiages in a hrancli system (;an frc'ciuentiy hv. traced to this had 
arrangtimeiit of connecting the snuilh'r drains to tlie mains. 
Ail bends in the drains should Ik^ easy. 

Joints of eeiiienl or clay made in tin; laying of drain-pipes 
im' apf lo S(|ii('i'/A- tliroiigh at Ihe joints, and care should he 
taki'U, {i.s eacli jnint is made, to li'av(^ the jhpes quite iJear of 
iinv ol)stnierion of llus nalure. Too much attention cannot he 
given to the laying of dram pipes Tlie careless manner in 
which diains are so often laid called forth the remark of a well- 
known iirehilect that the laying of drain jiqies in many (^ascis 
would he iiion- ])io)K’rly descrii)ed as burying tliem. Tlie pipes 
should he seh'cled for their perfect glazing, soundness and 
hanlness ol maleruil, and the s]ugot and fau<;(!t (mds should lie 
well shaped. 

Manholes should he placed at suitable plae(!s, and inspection 
boxes should l>e provided at every junction. 

h’OUNDVriONS. 

With regard to the foundations of buildings, much will 
depend on the nature of the structure and the weight to be 
carried. In the case of many of the lighter buildings, if the 
ground is of good, sound substance, it would be sufficient to cut 
the trenches and ram well with heavy rammers previous to 
putting in the brick footings, but in all coses where any con- 
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fiiderable weight is to be carried, or where any tall structure is 
to be erC5Ct«l, a good concrete foundation should be provided, 
after well ramming the excavated site. 

In the case of incKjuality in levels of ground, where footings 
have to bo cut in shelves it is well to bring the concrete foun¬ 
dations up to one conmion level liefore cotmnencing th<5 brick¬ 
work footings, ill this way minimising the unequal settlement 
which is ofUm causiid by the shrinkage of the mortar joints 
whim (tarru'd up at different levels. 

Water should not he allowed to remain in foundation 
tnuiclies; it is very essential Lluit they should hv kej)t dry, as good 
work largelydejHMids on this. If by anycliance mud has collected 
in the bottom of a tnmeh, it should be removed hefuri^ putting in 
th(i foundations. A good deal of trouble through unequal settle¬ 
ment can be traced fn the hrickwork footings lieing allowed to 
get saUiraU'd witli water in flu* Irtsicbes. 

Where concrete foundations are ]mt in, they should lu‘ not 
less than <1 inches wub'r on i‘ach sid(‘ than tlie bottom course 
of footings, (’oiien’te laid on a juevious day should be well 
wetted before another layer is added to it. 

Uki'Aininc. Wai.ls. 

Ill order fo jirevent the lateral shifting of tin' ground in such 
cases wlu're tlu're is a great diftenuice between tlie levids, it will 
be found m-cessary to Imild retaining walls. Ifefore actually 
comiucncmg any buildings, trial pits should be dug at differe.nt 
points of tlie ground to test its nature, as tins may afT.-ct the 
disposition of the buildings. As the result of these trials it may 
be found advisabh; to place such a building as a chimney-stack, 
for instance, in a diflereiit situation from that originally con- 
teni])lated, as a lietter foundation may thus be secured than 
would bi5 the case if this precautionary measure were not taken, 
and we would strongly advise a fresh disposition of buildings 
or plant in preference to using piles for securing an adequate 
foundation. 


J'hiiK Station and Apiujancks. 

Any large works is now considered quite incomplete witliout 
its tire station and appliances, and in laying out the water mains 
hydrants should be placed at different points, with reels of hose 
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in suitable boxes, which should be readily accessible at the 
shortest notice, and so arranged that they can immediately be 
brought into play. • 

All large works should be otjuipped with a portable steam 
fire-engine, and the works staff' should be oi-ganized as afire 
brigade, with oftictu-s wh(jse duty it should be to drill the men 
regularly and efficiently, prixes being off'ered for efficiency and 
smartness in turning out 

A vtTV suitable engine for use in large obeiuical works is 
Morryweatber’s iui])roved doubk'-cyliiKb'r “ (Irei'iiwicb ’ steam 
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fire-engine, which, as shown in Kig. 1, is used by Messrs. 
Brunner, Moiid *lt Co., and some details td its construction are 
here given. 

The increasing demand for pow'orfiil steam fire-engines of 
light weight has caused Messi-s. Merr>’weath(ir to develop their 
well-known double-cylinder engint^, and to adapt it to run at 
high speeds. Although a slow-si)eed engine wdth a long stroke 
has many advantages, it is manifestly incapable of competing 
with a high-speed engine in the matter of lightness. Keeping 
this in view, the makers have constructed the “Greenwich” 
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engine, which, while retaining most of the best features of their 
old double engines, combines such novelties and improvements 
as to render it possible ,to obtain the same amount of work 
with a reduction of more than 20 per cent in weight, and 
without in any way sacrihcing strength or durability. The 
“Greenwich” engine is built on the same principle as the 
“ Metro]ioIitan ” (London Brigade) engine, but has double 
cylinders and pumps, and delivers more than twice the quantity 
of water per minute, whilst weighing only a few hundredweights 
more, as various mechanical improvements have been introduced 
into its construction. 

In the n‘ew pattern engine, the makers have aimed at secur¬ 
ing maximum power with minimum weight, consistent with 
strength and durability. They have also brought to bear their 
long exjierience m fir('-(‘ngine manufactun', in perlei^ting the 
otluT parts that eiiti'i' into the construction <d a steam Hro- 
engnu', mchidmg ((Uick steam-raismg of boiler, general coii- 
venieiici! of engine for working, accessiliihty for repairs, dura¬ 
bility, streiigtli and seeiirity, and eleganci* dt apjieiirancc' and 
finish. 

The su]K‘nonly of the “ (-iieenwudi ” engine for lieavy work 
is iiol mamtamecl merely because of its (|iiick-stcaming pro¬ 
perties and ri'ijiarkable jmiiqniig capabilitii'S, but also on 
account (►! tli<- exei'edingly high water pressure mamtaiiK'd 
e.oiitiiiuouKly whilst the engine is worked. 'I'lus is iiii all im- 
jmrtant test of orticioncy. 

The engine is constructed entirely mdejiendent of the frame¬ 
work. and is complete in itself. The frame also carries, (a.) 
Driving si'at, and seats for firemen if I’eipiired; {!>) a com¬ 
modious iron hose hunker, attiudied to the front of the frame, 
or large hose and implenunit box ; (c) brackets for suction pipe ; 
(d) bunkers for coal ; (r) wrought-iron fore-carnage of neat and 
strong design ; (/) strong wrought-iron axles, with high wood- 
spoke wheels for rapid travelling. 

The boiler is of the type known as Merryweathers patent quick 
steam-raising boiler. Its various special features may be sum¬ 
marized as follows: It is stoked from behind, and can therefore 
be fired whilst the engint* is cn route to a fire; steam can be raised 
from cold water m three minutes from lighting the fire, and to 
100 lb. pressure in from six to eight minutes, according to the 
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quantity of water in boiler, and other circumstances; it main¬ 
tains steam to full working power continuously, being of ample 
capacity, ovtin when a common class of coal is used; for ex¬ 
amination or repairs the fire-box and tubes complete may be 
dropped away from the shell by removing the bolts round the 
angle-iron joint rings. The tubes are always full of water, and 
the crown-plate is covered at whatever inclination the engine may 
be worked. The boiler is siiparate from the engine, and is not 
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subject ihe w-'rkmg strain. The special design of the boiler 
renders it less liable ti» prime than some other makes. The boiler 
is made specially strong; it is lagged with highly polished sheet 
brass, and is provided with all th(‘ necessary fittings, safety valves, 
blow-olf cocks gauge glasses, patent injet^tor and feed tank, to¬ 
gether with coal bunkers behind, with afoot-plate between for men. 

A useful manual engine, the “ (Jreenwich Manual,” is shown 
in Fig. 2. 
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Very freqneiitly it would be found advantageous, if not, in¬ 
deed, rendered absolutely necessary by the exigencies of space, 
to utilize the boiler pump in combination with other ap¬ 
paratus for lire extinguishing. Tn any case the utility of such 
an arrangement is at once apparent. Such a plant (shown in 
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■pig. 3) has been designed by Messrs. Merry weather, and com¬ 
bines a fecd-pnnij) for the boiler, and, when occasion demands 
it, a reliable lire-extiugiiishing apparatus. The fire-jiump may 
be connected with indoor and outdoor hydrants, and will deal 
effectively with any supply up to .'lOO or 600 gallons per minute. 
This engine is composed of a lli-mch steam cylinder, which is 
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invorted over the fire ))ump, and is 10 inches in diameter, with 
a stroke of 8 iiiclujs, and the steam is conveyed to the pump 
cyliud(;r by a cast>iron distance piece, upon which two steel 
crossheads work on {fuides. One of the crossheads is connected 
to the man;(anese-bronze pump-rod, and the othe.r l)y a steel rod 
to the steam piston. There arc also a connecting-rod with 
gun-m(‘tal end, and fly-wheel and crank shaft. The pump is 
double-acting, made of cast-iron, with giin-nietal plunger plates, 
valve-seats and liner. The valviiS are specially diisigned for fire- 
engines, of india-rubber with backs of gun-nu'tal, arranged under 
tw(* coviM’s, so that ready and direct access to tfu'iu is assured. 
Then' is also fitted to the pump an automatic relief valve, 
wlicndiy, witli the pumj) working, the sudd(‘n (‘fleets of the 
closing of hydrants or outlets may Ik; mot. WIk'H used as a feed 
pump tlu^ disengaging gear stops the fire-c'ngine. Tlu' (‘apaoity 
of tlie feed pump, winch is of 4-inch diameter with 8-mch 
.strok(‘. IS ample for the reipinx'ujents of a 200 horse-power 
holler working at a pressure of ISO 11).. and is made of cast-iron, 
with hot-water vahiis, bronz(‘ pisf.oii-rod and gun-metal liner. 
The puiii]) is fixeil on an angle bracket, whicli is cast on the 
distaiuti* fuec.c of tin* engine, and driven dnx'ct from the upper 
crossluiad. M'he whole pump may be n'lnovnl (piite separately 
when re{piir{“(l 

II th(' b'ed-piiiu)) only is being used llie sli'ani is supplied to 
the engine by means of an niitoiniitic pn'ssiire-reducing valve, 
an obvious (H-oiuniiv. Kor a minor ontlin'ak of fin* a small 
sup])ly may b<‘ obtaiin'd <lirei:t from the feed-|>ump without 
nec(‘ssitatmg the coupling ol the mam pump All the various 
parts of the pump may he interclianged witli any other similar, 
and all necessary fittings will be found included. 

Kig. 4 s1k)Ws a eomplet(^ system of fire jiroieetion as adopted 
by a large establisliment m Scotland, and (tarried out by Messrs. 
Merry weatiier. 

The supply of water e.onsists of a mill-dam at a considerable 
elevation above tlie yard, communicating by means of a 27-inch 
pipe with an o[)en mill-race at the opposite end of the premises. 
As the 27-inch pipe could always be depended upon for supply, 
it was decided to connect the suction pipe of a stationary fire 
pump to this, and to lead cast-iron mains from the pninp to the 
various parts of the pnjiuises. The pump selected was one of 



30 


CHEMICAL WORKS IlESION ANTI KQt'IPMENT. 


Merryweather’s diroct-acliiiK lonf'-stroke pumps, witli a steam 
cylinder 1‘2-incli diameter, and pump 7}-mcli diameter, with 
a stroke of 2 feet. The pump barrel, valves, and seatines are 
of KUM-metal. The pump is fitted with caiiacious eojiper air 



vessels, pressure f;auKe. sluice valves, etc., and is fixed m an 
engine-house contiguous to the boilers supplying the jiowerful 
engine ol the mill. Steam is used at a pressure of fiO lb. per 
Bijuare inch, when the maximum work is obtained from the fire- 
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engine, but it may be started with steam pressure as low as 
20 lb., w'liich pressure is always available' in one* of the boilers. 
The pump is also connected to a large tank placed on the top of 
the building, so that in the remote contingency of there being 
insufficient steam in any of the boilers to stait the pumping 
engiiui, the mains could be cliarged and an efficient jet tlirowu 
from any but the highest hydrants during the time the steam 
was being raised. 

Leaving tlie pumj), the dcdivery main is carried in a straight 
line to the cxtri'ine i‘nd of tlie yard, and is fitted with three 
ground hydrants to protect the ollici'S, gasworks, etc. A lirunch 
is cari’K'd into th<‘ mill and np a staircase between two blocks of 
huildiugs, each about 120 fec't long, one liavmg two stories and 
the other three stones and attics. As tlie processes in tliis de¬ 
partment are carried on with a (Jonsid(*rable amount of moisture, 
both m the atmospluTe and the rnati'rial. then' is no great danger 
of a rapid sjui-ad of fire. The hydrants on each floor of the 
staircase wiTe, llierefore, considered sufficient to jirotect both 
buildings. Another branch is carruid undi'r tlu' mill to the back¬ 
yard, around which the, most iiajoardous buildings arc placed. 
Hydrants are placed on each floor on the stairease, as it was 
considered that no one would attiunjit to use tlie hose in ease of 
need unless a safe and ready retreat was provided. The store 
adjoining contains the valuable stock of i*aw mahirial, and this 
is protected on two sides by a hydrant in the mill avenue, and 
another in the yard. J'^cing tlie mill is the mechanic’s shop 
and a room vvlticli is most liable to accident of any of the build¬ 
ings, as stones or other foreign matter occasionally pass into tlie 
machines. This building is protected by a hydrant in the yard, 
and as a further precaution small hoses are always connected 
behind each maclimi* for immediate use in case of accident. A 
hose cupboard's placi^d against the wall near each underground 
hydrant, conlanmig sland-pipe, hose, branch-pipe, h 3 'drant key 
and hose wrenches, and above each inside fire valve the hose 
and appliances are hung upon beards, so that they are always m 
sight and easily accessible. At a trial of the apparatus a jet was 
throw'll cousidiirably above the highe.st part of the mill, and four 
jets were throwm simultaneously. 

Fig. 4 shows a plan of the buildings, the suction-pipe for 
the steam fire-cuigiiie being carried from the mill-race to engine, 
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and the black lini's shown hein^f the fire main pipe. The nmn- 
herod dots on main lire nmler^^round hydrants. 

Fi/?. shows a veiy usi’ful hose cupboard intended for fix¬ 
ing against a wall near an und(!rground liydrant. It is made 
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specially strong for outdoor use It will contain lour hnigtlis of 
liose, staiid|ti]K‘, tuo braneh-pipes. no/./,les, hos<' and nozzle 
wrenches, etc 'I'wo glass dotus arc fitted With good lever lock 

and two keys. At the 
sale IS lilti'd a small l>ox 
With glass, to contain one 
key. so that, should a fire 
occur, ail) one can break 
the glass, gi‘t the key, 
and open the eii|ihoard to 
olHaiii the necessary liose, 
etc. The other key is 
kept )i\’ r«‘Hp(>nsible 
person connected with tiie 
estal)lishui(‘nt. Similar 
e.upboards are also used 
inside the huildnig-s. being 
J'’it4 huh(‘(' upiiniLut with I'ltiai i]>(irinii. jj, Jialls, corridors, 

and on staircases near hydrants, and,are made in each case 
to suit premises, and of mati'rial and size required. Fig. (i 
shows a similar cuplioard to Fig. 5, hut designed to contain 
pillar liydrant, as well as hose and fittings. This can also be. 
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fitted in or out of doors, <and has key box with i,dass side as 
described above. It has a siiiffle •'lass door, Jock, keys, and 
the necessary fiooks, etc., to cany hose, ])ranch-])ii)e, uo/zle, 
wrcnclies, etc. 



l-'ic; Cruhticlil .V Sims' Fiit J5iij;iulc with ICii<;mPK, mn] HKcapcK 

Miiiint'd 


The two steam fire-i'neines, made liy M<‘ssrg. Sltand, Mason 
& Co., of liondoti, are continually kept under stoani, being con¬ 
nected with the works stt'am main. The large stisanicr is 
adapted either for works or outside fires: it is provided with a 
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<i-iii(th instaritannous suction, Ims five mstantanoous (souplin^ 
deliveries, and is eajjable of ]mui])iii<' ToO ;^^allons of water per 
miiiutn. Ii is also fitted with quick-hitching liarncss, and carries 
firsl-aid riMjuircmouts, mcludiuj; a I'oldiiijf stridcluir. 

Idle small steamer is fitted witii a fixed l-inch suction, and 
has a di'livery of d,5() j-allons per nmiiito. This en^^mo mav lie 
run out }>y band, hotli ongiiu's use oil fuel. 

M(‘ssrs. floseph (.Iroslield tV- Sons, at Warriiif'tou, have or- 
gani/e<l an ex<‘ellent works firi' brigade, eousisling of Ihirty-sjx 
olficers an<l iik’D. The training of th(‘ brigade is of tlie most 
compivlteiisivi' eluiracti'r, and is e.fiiilimially revised to lie m 
aecoidanee with tlu' most motlern practice Drills are helil 
wei'kly, and comprise wet drills, hose ruimiug, ladder and 
escape jiractice, Pompier scaling drill, and knotting and life¬ 
saving work. In addition to the general equipment of the 
fire station, which consists of two steamers, two esca])es, smoke 
helmet equipment, hose carts, electric fire alarms, automatic 
fire indicators, etc., each department in the works has its owu 
apparatus, each piece of a})paratus having a man m charge, 
who keeps it in order and uses it in case of fire. Tlx' brigade 
.attends outside fires when requested, charging the ordinaiy 
fire-brigade rates. 

Many visitors to Messrs. C/rosfie.ld's works have si'en this 
.cflicieiit brigade tufi’iied out. The engines, with escapes manned, 
is shown in Fig. 7. 

Ambulance Arkanuements, etc. 

Accidents of varying degri'es of seriousness an* inevitable in 
any large works, and it is becoming more general to make pro¬ 
vision for dealing efficiently with these unfortunate occurrences. 
The most enterprising firms in the chemical and allied in¬ 
dustries have during recent years shown an increasing solicitude 
for the welfare of their workpeople in this respect, and this 
|K)licy has been found advantageous botli to the employer and 
employees. Prompt and adequate attention to injuries fre¬ 
quently results in reducing the severity of the mishap. The 
rendering of first aid on the. spot will m many cases do much to 
reduce the liability for compensation, but in any large works 
where the employi'os are numerous, it is necessary, in order to 
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secure the advantages resulting from prompt treatment, to 
organize an efficient system of dealing with accidents. 

In the most up-to-date factories, groat care is now taken in 
dealing with this impoi'taut question. H’ho necessity for the 
reporting of accid(!nts of any d(5gre(5 of seriousness is alone 
ainp)<^ rc'ason for the extreme care which is now being sliowji in 
such largo works as those of Messrs. Brunner, Mond & Co., Ltd., 
or Messrs. Lever llrothcrs, Ltd., for instance. Both these lirms 
}iav(‘ (istablished works’ surgeries; at I’ort Sunlight there arc 
no fewer than six of those, fitted with all necessary appliances, 
where effi<nent first aid is givc-n Mi’ssrs. Hrnmier, Mond it Co., 
Ltd., reipiiro their miMi to go to lh(! works’ surgery to have even 
the slightest abrasion of tiie skin jiroporly cleansed and pro¬ 
tected. This IS one of the rules of scrvi(;e with the company, 
and the result is that many cases of blood ])ois()ning liavi' tlius 
ho(*n prevented. It would undoubtedly he w(‘ll if many em- 
• ployers, who at priisent havii no sucli careful system of dealing 
with slight injuries, would follow tlu' exaiujih^ of the great 
Northwieh firm. The value of sindi a jiroci'dure is amjily proved 
by the face that the lotal cost for eompeiisation in Messrs- 
Brunner, Mond C-o.’s works is under 3s. 2d. per £100 of 
the wages paid. 

y\t Port Sunlight, in addition to tlu; six works’ surgeries, 
tliere are eight ambulance stations m convenient positions in 
the various dcjiartineiits, each of which is well equipped for 
dealing with accidents. First-aid boxes are ready in all the 
surgeries and ambulance stations, and here also are posted lists 
of workpeople qualified to use, the first-aid boxes. Cuts and 
scratches are dealt with by the ambulance staff in the surgeries. 
There are always at hand in every department workpeople able 
to render first aid, while a resident doctor is available for the 
treatment of «erions cases. Some system based on the experi¬ 
ence of such works as those mentioned might easily be adopted 
in all large establishments. 

At Port Sunlight an Accident Committee is formed from 
representatives of the workpeople, careful rules have been drawn 
up, and these provide for investigation of accidents. According 
to Rule II. the principal duties of each committee shall be : (a) 
To promptly and fully inquire into and report to the company 
upon any personal accident, happening in the division (of the 
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works) roi)re8enlc(l hy thu uommittoc, which prevents the injured 
person from following his or her usual occupation for at least 
six workiu^,^ days after the accid(int, and the cause of the same, 
and to make reciommendations so as, if possible, to prevent the 
repi'tition of siadi ac(ddeTJts. Tlie committee shall have power 
to visit the site, make full inspection, hear witnesses, and gener¬ 
ally investigate all the eircuiiistanciis eoim<*(;ted with the acci- 
d(!ijt. (h) Wlien sjM'ciatly reijuested by the company to do 
so, to recomiiK'iid tlu* eomjiensation (if any) to hi* offered to 
any injured pc^rson or pc^rsiiis. It is not sought to bind such 
person or pcirsons to accept such eomjiensation. (e) To nomi¬ 
nate quai-terly two incmb(!rs of the committee, wlio, along 
with tlie divisional iiuuiager and a foreman nominated by the 
company, siiall make periodical iiispiM-tions of llu- division, point 
out deh'cts (if any), and make r<‘eonimendations calculah'd to 
]>rev(‘iit aeculi'iils of any kind. 

Messrs, ('rosfield i\: Sons liave an AmiHilann' ]5r]ga<l(‘, thirty- • 
iliree strong, of whom three served through the South Alriciui 
War; all an' in possc'ssion of tiu' medallion ; twenty-nine are in 
possession of Die St. dolui’s Aitihulaiice Association (iahel, and 
twenty hoki efhcK'iiey badges . twelve are miunhers ol the lioyaJ 
Naval AiiMluuy Sic.k Itertli Iveserve, which servi's h) j-ec,ruit the 
Naval Sick llerlh ; eh'veii belong to tlie Military Home Hos¬ 
pitals ileserve, which ser\es as a reserve to the Army Medical 
Staff. Men on passing their thini year are given uniform 
'I’liere are eight statioiis in the works where fust aid can he 
given, and in each centn* are posted thti names of the men of 
the brigade in their section. To still further assist recognition 
badges arc worn by lliese men 

Till' central aniludance station, situah'd n<‘ar the main 
clieniical laboratories is in charge of a ijualiticd man. 'J’he 
eijuijnnent (•(msisls of siietclicrs, splints, cliairs. tallies, hot and 
col(t water, biuidages, lint, carholi/.ed water, alcoliohc ferric 
chloride, carroii oil, (dive oil, picnc acid, solution of bicarbonate 
of soda, etc. 'I’lie sub-stations are furnished with lint, bandages, 
carholiiwd watei, carron oil. olive oil. picric acid, jdash'r, wash 
howl, sponge, and s<'issoi*s. 

At tlie main station a record is kept of all eases treated 
throughout the works, and each month these are classified 
under tlie lieads of nature, cause, and whore occurring. These- 
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analyses are sent to the departmental managers to enable them 
to prevent a recurrence, or at least to minimize the chances of 
a. recurrence. All lads and men arc^ eimouraged, by free lectures 
from qualified medical men, to learn ambulance work, and one 
hour per w(Hjk is allowed out of the firm’s time for ambulance 
practice. To further stimulate interest a Crosfield Division of 
the Warrington Corps of llie St. John Ambulance Brigade was 
formed in tlie inembors being requirtid to put in a certain 
number of drills to keo]) them efficient m amlmlauec work. The 
following IS taki'u from tiie annual report, after inspection, for 
the past four years. “ 11)07 ; Considering th(‘ short notice of the 
inspi'ction 1 (•oiisidor llu* paraile and work ])er[ectly satisfactorj'. 
lOOH: ,V very smart DivMsioii. lOOl); This Division appears to 
be in it liigh state of efficiency. 1010 ; The drill, lioth foot and 
stretchers, was very smartly performed, and thi* apjilication of 
splints and bandages showed th(' men had a thorough knowledge 
•of tin. work I eonsidei' the Division is efliciciil ” 

Tlie iiu’ii alls also enism.raged to form loams to isompetc for 
amhulance prizes at Open Ambulaiiee I’ounianieiits. The Am¬ 
bulance |)i\ision attends duty at the Athletic Sports or other 
piildic funetions when reipiireil. During the, winter instruction 
IS given in lirsi-ai<l to luwv classes l>y tlic honorary surgeon. 
Lectures on ambulance work and sick nursing, with ])ractical 
work, have been given to the girls also, and Imve been well 
attended. 

Kleveii years ago tin* firm gave a challenge shield to be 
cornjieted for by all corps in the No. 4 District of the St. John 
Ambulance Brigade. Ooloncl 'L’rnuble, V.U-, M.D., (hM.G., 
the deputy-commissioner, stall's that tins shield has stimulated, 
in no small degree, the interest in amliulance work in the North 
of England. 



{^HAPTKH IV. 

TTIK E‘i»\VKIt IKH'SK. 

TAKiN'd a ]H(‘(lium-siz<‘(l works, whcnr a l>att(‘rv of half a dozen 
})oik’)'s of Liiricasliirc tv(«:, Jiirasiirinj^ foct lon^' l»y 8 foot. 
diain(‘t(T, IS instali<‘{l, and iissnium'f that llic factory is of such 
a iiiituni as to require continuous working, an arrangement 
similar to that sliown in th(' drawing (Plati* T.) would he very 
suitable. Ili^re it will 1 k! seen that tlu* coal bunkers an^ an-angi'd 
directly ojijiosito the main battiTy of boilers, so that we have 
three separate lougitmhnal hiiis with gangways dividing them, 
on which a light tramway suitable for ti])])iiig wagons may run. 
Till' t!oal can he tipped from th(‘se wagons from either side of 
the gangways into tlie bins, winch are readily acc(?ssd)lc to the 
stokers engaged on the boilers. It will be noted that we are not 
(h'scribing a ])lant in which the latest tyjie of eUivators and 
conve,yor.s are used, as it is only where the largest and most 
exttiiisivc w(»rks arc conc(;rned that plant of this type, with 
overliead hunkers and automatic feeds, can he econoinuially 
employed, the lieavy initial i-apita] expeuditnri! placing sucli 
elaborate plant out of the roach of the average manufacturer. 

Whatever the size of the plant may be, it is desirable that 
the taial-store sliould be covered over. Ample space should be 
given from the face of the hoik^rs to the commencement of the 
coal hunkers, so as to enable free use for the tools used for 
stoking and cliukoring, as well as leaving a clear way in front 
of the boilers for conveying the ashes to one end of the boiler- 
house, where an elevator could he placed for disposing of these. 
The space between the face of the boilers and the bunkers 
should not be less than l‘i kiot, and wc prefisr even more, say, 
15 feet, this giving ampk* room for a covered trench in front of 
the boilers for blow-off pipe connections. 

(;iH) 
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I'ossihle future oxtnnsioijs as regards tlie boilor-liouse, in 
common witli otlior Imiidtn^j.s, must bii kept in view, and a 
su^fT(5Klion foi- future (ixteiisions is sliowji Ikto in dotted lines. 
It will of course lie obvious that llu're an; many ways of effect- 
iil}? th(' same ol)jeet Tlie one sliown would make a f'ood 
arnuij(emeiil. 

Wlu re moi(‘ than two boilcws ar<‘ (Mn])!oyeti, of the siz(i 
mentiou(!d, it is always eeononiu'al to jmt in an (u*onomi/A'r, 
witli provision for addinj^ a fiirtlu'r one as (drcuiuhtama's de¬ 
mand, wlu’ii iiiereiisinjr tin' mmiI)or tif lioilers, 

Witii Ibis ol)|ret in view the Hue at the back of the imilers 
can be so aiTaiu;*‘d as to run parailei with the flue over which 
tlieecotKuiu/ATs are placed, willi dampers in suitable positions,so 
that the IliU! -fiisi's IVtun tlie boilers c^an he worlaui through the 
one line direct to the chimney, or. by ojierating tlie damjiers, 
can pass through I lie economizer Hue liefore their linal exit to 
the chimney. 

Kevolving vialieal dampers on the mam Hu(‘ are alw’ays to 
bo ])r<‘ferr<‘d to the sliding type, as Is'ing less likely to g<'t out of 
order. 

Tlie nature of Ihe w'orks will decide whether an independent 
chimney-stack is built for tlie ])ower house, or whether one 
main works stack is mad<‘ to hitvo for powi'r bouse and for all 
other (lues or furnaces in tlie works. Wliero tlie works are 
sulUcieiitly large to warrant the expenditure, it is )>referahie to 
provide indcpcuident stacks, hut lien*, again, jiossilile extension 
of plant must he kept in mind *in pj'o))ortionmg the size of the 
stack, (n any casi*. the chimney-stack should be a separate 
structure, and not he built on to any other huiNiitig. Disastrous 
const'quences have resulted from this latter practice in sev(*ral 
cases, caused liy unequal settlement hetween a mucli lighter 
building being attadied to a heavy chimney-stack. 

A ligi tiling conductor should lie altaclicd to the stack, with 
one or more jioints. 

Where tlie an-aiigement of the chimney is sucli as to have two 
flues entering at ojiposite sides, the one flue, say, taking tlie 
gases from one battery of boilers and the other sorving another 
battery of boilers or furnaces, as the case may lie, it is customary 
to build a mid-feather wall for some 20 feet or 00 feet high inside 
the chimney, in order to prevent the gases from the two sources 
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from baffling one another, which would happen if this mid¬ 
feather were to be left out. 

The foundations for the chimney-stack re(juir{i to be very 
(tartifully put in, owing to the groat weight to be carried, and in 
carrying up the several courses of brickwork strict supervision 
should lie maintained, to ensure that in uo case should any catch¬ 
ing uj) of the level be attempted by introducing bricks on edge 
or a tlncker <|uality of brick or joints. The thickness of the 
bneks and joints should be kept uiiiforin tlironghout. Except 
in cbiiuueys of very large diauHiter it is necessary to have the 
bricks made' in special moulds to suit th(* radius of the eliimney 
in <|U('slioii, as to build a chiniiiey with s([ijare bricks would 
involve very largi' joints, and th(! work should proceed with 
not less Ibaii one (course of headei’s to every fivt* courses of 
stretcluTs. 

The cbiimiey siiowii lu the drawing is a very good example 
of a suitabli' works e.liiimiey, and it will be noticed how tlie 
brickwork gradually diiimiislies towards tlie top by offsets at 
distances of every ’J.*) iei't in lieiglil. Whelher the clinnnev is 
hnislied olT with an iron cap or stone or a, vitri'fiecl cap or stone 
depends to a gn'al i-xtent on the iiaiuri' oi the gases to he, dealt 
with, and as to w’lu'tlu'r tliese woidd ailed tlie cajiping 

Itiw'erting to the hoder-hous<5, the best typ<- of rool is iM^arJed 
and slated, with a louvie running tli(‘ whole length. A douhle- 
span roof is shown in the drawing, and any ('xtension could hi' 
carried on in tlu' same wa\ 'I’ln: <lrawnugs show the sc'ttmg 
of lln^ boilers and general arrangement of the ste.am-iii[)es an<l 
run-olf pipes connected with tiie blow-olT from each boile.r. 

When a Ixuler lias heen hlown out or lei down for cleaning 
or n'pairs,provision must he made lor refilling; for tliis purpose, 
diri‘etly over the man-hole of each boiler, and transverse to them, 
is arranged a line of water-pipe with a short connection, so that 
any boiler can be easily and (juickly filled from this source. Of 
course the usual sujiply to the lioiler when under steam is 
through the feed valves on the boiler front plate. 

Where the ({uantity of watei- evaporated is taken aijcount of, 
a water meter should be connected to the pumps feeding the 
boi!(*rs. 

The. feed pump or jiumjis for tiu: boilers is preferably placed 
in an adjunct to the boiler-house, so that the working parts may 
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Toe kept free from the dust whicli inevitably rises during stoking 
and clinkering operations. 

Touching upon the boiler setting, special blocks upon which 
the boilers rest are made by several well-known firms, between 
winch it would be invidious to make a distinction, but in our 
•own practice we have used the Poulton form of block, and have 
found it to be admirably suited for this purpose. These blocks 
•are made in two sizes, to suit the width of side flue used. A.s 
in hU fir(!-brick construction, care must be taktui that all the fire¬ 
clay joints are as thin as pt)ssil)le and carefully made, and that 
the setting should not permit of any air being drawn into the 
flues from the outside, through the brickwork. 

The main steam-pipe (smueeting the boilers should have 
expansion joints at siutahlc distaiujes, and ail pipes, and also tli(3 
tops of tlu' boiliTs, should liave a good covering oC non-conduct¬ 
ing material. Here, again, the clioicc of siudi mattirial is large, 
and the difl'ercnt kinds arc almost too numerous to iiu'iition. 

A-jiart fnnu the iKmclit to l><‘ derived from th(‘ installation of 
e(M>nomiz(Ts, a wat('r-hcat(!r taking the waste steam from the 
engine or engines is reeommeiidcd, and room for tins can be 
found in the same house with the piim|)s. in some cases it is 
found eonv(mieiit to place the heater over tlie top of the main 
flue at tht' iia<’k of the boilers. 

Most of the makers of economizers prefer the feiid-water not 
to enter tliein cold Imt pass tlirough a feed-water heater first. 
Where this is not done* (iri'eii’s syst(mi is to take a small pipe 
from the economizer to a pump which draws a small quantity 
of tlie heated water from tlus economizer and mixes it with tlie 
<old water, whudi is again fed into the (ioonomizer, thus making 
the economizer heat its own feed-water. 

Although in niofbirn works testing of the flue-gases is carried 
•on at frequent intervals, still, the more common practice of 
watching e exiN from the chimney, as the smoke inspector 
naturally does, for black smoke, makes it necessary that the 
stokers should always have the chimney-top in view, and this 
may be obtained by a skylight placed at such a position in the 
roof of each of the bays over the boilers as to eilect this. 

The engine-house may be built on to the boiler-house, or it 
may be a separate building, if thought advisable. Taking future 
^extensions into consideration, a separate building would prob- 
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a])ly 1(511^ itself b(;ttGr for the earryin^ out of such extoiiaions, 
and again, such outside conditions as ])OS'sibIc condensing towers, 
or H'servoir of feed-water for the boilers, miglit inflirenco the 
design as to tlu‘ sejitiration of the ^lower-lKnise, or otherwise. 

'Pin' (“nghie-houw* we have in ninul is more suitable for a 
works where electne.ity is employed mainly for driving the 
varnKis tnaehiiK'ry and plant, suid ]>rovision .slnndd he made for 
an overlieatl travi-ller, running llie whole length of the house, m 
order to (|mckly deal witli ;i,ny pari (d the iilant in ease of re¬ 
moval or rejiairs, and the door at tin' end should he suflieie-ntly 
large, when fully opiuied, to admit of the piissagii of the largest 
pu'ot' of plant, lie it etigiiu' or motor, thiit would he located ui 
this house', and a smaller doorway framed within the larger one 
for ordinary use. 

Whether the engine-house is separated friun the boiler-house 
or not. ready access must he provuh'd hetwi'en the two. as the 
oiU' IS dependent so iargi'ly on tin* other. 

A duplicate svsti'iii of st('aiu-pipt^s from Ixnlers to engine- 
house IS to h<' re(;oiuini‘nded as a sah'guard against breakdown. 
It IS prel('rai)k‘ to ])laee the dour of the engine-house above' the 
(irdinary ground level, so that tln^ eahli's from the motors can he 
(tarried m suitalile (duimiels Ix'Iow tin; floor of the housi! to the 
switcli-hoard. 

'J’aking all things into eonsidevaiion. we think it is di'sirahlc, 
as reganls the engine-house, to contemjdate a jxissihli' duplica¬ 
tion of jilaiit, and to make the building sufiieiently large to 
accommodate this in the first case, as such a provision will 
probably meet all future reijuirements. It will he ap])arent, on 
careful consideration, that to provide room for a duplicate set of 
engines and motors would he uothmg eomparahlo with the ex¬ 
tent of room and accommodation required for a duplicate set of 
boilers, and it is therefore worth while to build the engine-house 
sufficiently large to meet luture requirements. 

All valves, whiitlier on pipes, boilers, or other jilant, should 
he readily accessible, and piu’maneut means for reaching them 
arranged in the case of those that are out of hand reach, tO' 
obviate the necessity of running for a ladder when sudckui need 
arises for operating any of them. 

Valves .—All valves belonging to main water supplies, gas 
supplies, and steam supplies, and also fuses of electric mains,. 
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should he drawn out in a diagraniuiatic plan, with descriptions 
attached, and hiiud up in the tiin('-k{'(‘])er’R office, so that in 
case of accident the valves slmUing off different de])artmeiit8 
can Ixi readily located and the particular section isolated. 

Flues, eta. —Again, considerahh^ im])Ortan(;e should Ik- attached 
to tlie disposilion of fines, drains, and sowers underground, as 
these' are often lost sight of. Plans of them should he kept, 
and any alterations should he recordtid on tliese plans, in ordi'i’ 
to keep tlies(! ii]) to date;. Such )»roc,edure will Ifreipiontly sav<i 
miich time and labour. 

AnUmialie Slohers--h) s))(!akingof tlie hollers, although we 
have not described nu'chaiiieal stoking, a eomhination is often 
found to Ik' an advantage, l»y having the. fm'-hars aetuatc'd l)y 
a cam motion whudi heljis consuk'i'ahly to kcej) the bars from 
clinkering. 

Sieain /luistiKj .—It mus't lie homo in mmd that the modern 
practiei' in st(!am raising is to use inueh luglu'r stiaiiu pressures 
than was formerly the ease. Pnissures of tiOd lbs. and upwards 
are now very eoininon, and it is n’eogni/ed that it is far more 
economical to raise steam at a high jiressure tlian at a low 
pressure, and to usi' ri^ducing valves to smdi plant as requires a 
lower pressure than that "(uierated at the Jioilers. 

A great many advocates in steam practua' are to Ik; found' 
for supcrhi'ating steam, ami where this has to be carried to- 
plant at long distances from tlie lio'ilers, and wliere a great deal 
of condensation would naturally take place between the points of 
generation and ap}>lication, tlie question of sn^iorheating deserves 
attention. Highly siqierhiiated steam is said to affect the surface 
of cast-iron, jutting taking place wlu'rc the sujjerheating has been 
carried to excess, but tliis has been chiefly iioticcsable in the faces 
of the valves of engines where superheated steam has been used. 

Where high pressure is emjiloycd, the steam-pipes generally 
used now ire sti'id-llauged jujies, and vulcanite packing rings 
form the best joints. Kuhlior is soon vul(5anized and jierishes 
where liigh tiunperature exists. Next to vulcanite, millboard 
or asbestos sheet, or thin gauze copper rings with a little red 
lead coated on them, form a good joint. 

Whore it is frequently necessary to break a joint, this is 
facilitated by giving the millboard or asbestos joint a coating of 
blacklead. 
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As a safef^ard against gas explosions in the boiler flues, it 
is advisable that a 2-incli hole should b(i bored through the 
upper part of the dampers to allow unburned gases to pass 
through. 

During rcicent years forced draught has come into use to a 
very great extent, especially where an inferior class of fuel is 
burne<l, or wherci the natural draught is not sufficient. 



8.—Grfun’fi K(ion(iu)i»'i • Fitint RlovatuM). 

The KcoNOMizj'm. 

Tt is well known to all st(‘ain-userK that in the generation of 
steam the principal source of waste is the loss of heat by the 
chimney; this loss, even under the most favourable conditions, 
is much in excess of what is neetjssary to provide the requisite 
chimney-draught. The utilization of this surplus heat, for 
heating up the l)oiler-feed water, is best effected by (ireen’s 
•economizer, and we are indebted to the makers, Messrs. Pi 
Green & Son, Ltd., of Wakefield, for the illustrations, P’igs. 8, 
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9 and 10 here given, which clearly show the conati'uction of thfr 
apparatus. 



Via. : Onjuiul I'laii Showitit' SootJ’it. 



ViH. 10. Gro«n’K E(!()Uomiz{T ; CroHR-Huetiun thtongh Eouuomizec Chambvr. 

The hot gases pass through the oconoiiiizer chamber to the 
chimney, and the difference in temperature between entering 
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and leaving is to a groat extent absorbed [)y the apparatus and 
imparted to the feed water, which enters the boilers at a high 
teraperatui’c. The boiler power is thus augmented and a 
■imiforirt atid easy rate! of steaming maintained, while a reserve 



Pm. 11.—" Sentinel Junior ” Simple Htoam Engine, bj Alley & MacLellui, Ltd. 

of hot water at from 200 to 300 degrees Fahr. is always avail¬ 
able. This latter point is of special value wherever a large 
quantity of hot water is necessary for process operations. 

Heating the feed water by means of an economizer is not 
only a direct advantage on account of the saving in fuel, but it 
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prevents damage to the boiler by unequal expansion and con¬ 
traction, which always occurs when the feed water i« introduced 
cold. G-reen’s economizer is too well known to require recom¬ 
mendation here; no modern boiler plant is considered complete 
without it. All parts are strictly interchangeable. 

'Phe economizer consists of a series of cast-iron tube.s, 0 feet m 
length by d-,",! inches in diameter. Tliese are arranged in sections 



Fia. 12.—"Seatinel Junior" Steam EnKiue, by Alloy dt Maobellau, Ltd. 
(Sectional Drawini;). 


of various widths, across the main flue, between boilers and 
chimney. When in position the sections are connected by 
branch pipes. The waste gases are led to the economizers by 
the ordinary flue from the boilers to chimney, and the feed 














48 


CHEMICAL WORKS HESlfiN AND EQUIPMENT. 


water is forced into the econoiiiiwr by a boiler pump or injector. 
Kach tube is encircled by a set t)f scrapers which keep the tubes 
free froiu soot, the scrapers being worked from convenient shaft¬ 
ing or a small independent motor. Easy access is provided to 
all parts of tlie apparatus inside the flu<^ 

In the installation of new stcam-raising plant ample room 
should l)(j provided for extension of the economizer apparatus. 



Ci<i. I.H.— “ Sc'uliiu'I .Tumor ” Steam Eiip!in<', Showmt: AmMKiIulity of I’ajlH. 

and if the apparatus is not put down with the boiler plant in 
the first instance, spacte should be provided for its subsequent 
installation. 

Steam Engines. 

Of the importance of the steam engine in tlie scheme of 
power supply to any works, large or small, it is unnecessary to 
write at any length; tin; qinistion of selection of plant is the 
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point to be considered here. Pig. 11 shows a type of engine, 
the “ Sentinel Junior,” made by Messrs. Alley & MacLellan, 
Limited, of Glasgow, which is suitable where small units are 
required, and which, while highly economical, is thoroughly 
well made, free from complication, very solid and strong, and 



14._“ Sentuiol .Tiinior ” Fan Engine. 

moderate in price. These engines are very useful for small 
lighting and power generators, fans for boiler draught and 
ventilation, centrifugal pumps, small factories and works, and 
for UHc with compressed air. 

In the planning of tlicse engines the makers have emliodied 
a unique experience in engine manufacture, and their reputation 
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is such that no hesitation need be felt in adopting }the “ Sen¬ 
tinel JuniorClose steam consumption is guamiiteed on eveiy 
size; the upkeep is extremely small, and the engines are fully 
automatic in oiling and greasing; all working parts are en¬ 



closed, and, for the purposes indicated, th(\y may safely be 
regarded as cmin(mtly suitable. 

It generally pays to use “ Sentinel Junior*’ tandem com¬ 
pound engines for pressures above 100 lb. per square inch when 
exhausting to atmosphere and for pressures above HO^lb. when 
exhausting to a condenser. 

Pig. 12 shows clearly the construction of th(‘ simple type 


Fio. 15.—“ SeDtinel” Compound*Double-ActJDg Steam Engine. 
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of this engine. In the tandem compounded form the high' 
pressure cylinder and its gear are placed above the steam 
cylinder shown in Pig. 31, which then becomes the low-pres- 
sure cylinder. 

This type of enclosed engine is much superior to many of 
the wasteful open types, but although possessing all the ad¬ 
vantages of the best make of enclosed engine, all the bearings 



Fto. H>.—Kr)(> ]lo)B('-|)nwcr “Sentinel” TripIe-E\|miiKion StcHin Engine. 


and glands are readily acce.ssible, as is shown by Fig. 33. The 
makers strongly warn users against the temptation to speeding- 
up an enclosed engine, especially whtm direct driving a dynamo. 
The stresses intjreasc as the squure of the revolutions; hence in 
an engine running at 000 revolutions per minute the stresses 
are two and a quarter times as great as when the some machine 
is running at 400 revolutions. 
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Fig. 14 shows a very handy “Sentinel Junior” suitable 
ior driving fans for ventilation. This arrangement of engine is 
suited for any purpose where a governor is not re()uired. 

Fig. 15 shows a “ Sentinel ” high-speed engine, of the 
compound double-acting forced lubrication type. This engine 
IS in extensive use for the generation of electric light and power 
in factories, and also for belt or rope drive. It is suitable for 
100 to IHO lb. steam pressures, condensing or non-condensing 
—a thoroughly economical engine, steady in running, well 
governed, and of excellent workmanship. 

Fig. ]() shows an H5() horse-powiu' “ Sentinel ” engine, triple 
<‘Xpansion. double-acting type, (lirect driving balancing dynamos 
for lighting work, suitable for 110 to ‘JOO lb. steam pressure —a 
very suitable engine for a large establishimMit. 

The Steam Tiihhtnk. 

Ill many large chemical works, and in the allu'd industries, 
it is necessary to make provision for the su])ply of very con¬ 
siderable voliiuiBS of electric (Uirrciiit. and m llie equipimuit of 
the power-bous(“ the steam turbine is reiH'ivmg close attention. 
The steam turbiiK' in a jiractical form was first iiitioduccd by 
Uie Hon. C. A, Parsons m IKKI, and since tliivt time it has been 
continnally improved, until it now bolds fiiU place as (he che.a])est 
and best generator of electricity, its ])rmci}ia! advantagi's are 
the low first c<kst: the small space occupied; rapid erection; 
mmiiniim cost of upkeep and repairs; the small cost of liihn- 
eiints (the makm-s claim that while thi' cost of oil for a recipro¬ 
cating engine is 7 to 10 }ier <;i‘ni of tliat of the coal, for a steam 
turbine the figure is only \ to 2 ])er cent); the absence of 
eylinder lubrication, enabling the use. of the exhaust steam, 
particularly in chemical works, for jirocess operations; the 
absence of vibration ; the small attendane.e required, one man 
lieiiig able to look after several large turbines; tlie ex(;ollent 
governing: even turning and good parallel running; while 
priming of the boilers (a very serious matter with an ordinary 
engine) has no effect on the turbine beyond slightly reducing 
the speed; while overloading can be indulged in to any reason 
able extent. 

These advantages are so great that where the erection of a 
large power-house is under consideration the claims of the steam 
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barbine call for cIoe 50 examination. In this chapter the authors 
have been enabled, by tlie courtesy of Messrs. (\ A. Parsons & 
Co., ol Heaton Works, N<;wcastle-on-Tync, to include a full 
ieacription. with illustrations, of some of the principal types of 
the apparatus. 

In its simplest form the steam turl>ine may consist of one or 
uorc nozzles which (linnet jots of steam tangentially on to suit¬ 
able buckets or blades mounted on a ring or wheel; this form 
s termed the impulse type of steam turbine. Or it may consist 
)f one or more nozzles carri(!(l on an ann or disc pivoted at the 
centre, the steam issuing tangentially from the nozzles and by 
ts reaction causing tlie disc to rotate ; this latter is the reaction 
ype ol turbine. In the Parsons’ compound steam turbine both 

Itl I ! 

))))))))))) ^ Sov'^rr;« 

F,.co WVAWVVMk 

Mov.nC SiAOtS )))))»)))) ^ * Moving Bmots. 

I'lN. IN. 

•lioso types are coinljined, the turbine eoiiNistin^ nf alternate 
'OWN of fixed and movinf; blades, eacli set ot fixed and moving 
dados being like a simple tm-bine complete in itself. 

On entering the cylinder the steam passes through the first 
row of fixed guide blades, winch direct it in a nuiiilaT of streams 
in a tangential diri'ction on to the first row of moving Idades, 
thus imparting to them a rotational force duo to the impact ot 
.lie steam. The curved shape of the passage through tlie blades 
reverses the direction of the steam, so that it issues from the 
iioving blades tangentially but in the opposite direction, and by 
ts reaction imimrts additional rotational force to the moving 
dades. The steam then reaches the next row of fixed and 
iioving blades, where a.similar opoi-alion lakes place at each. 
The energy to give the steam its high rotational force at each 
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successive row of blades is su[»plied by the drop in pressure, the 
steaiu expanding gi'adually by small increments. 

With regard to the economy of space which it is possibUi to 
effect by the use of the steam turbine, b'lg. ‘20 shows this sav¬ 
ing in an installation of turbo-blowing engine and (Hindenser, 



Fin. 2 O 1 .—SLowing th<‘ S imuj; of Spaw RlH-t-U-il by Sti-nm Tinbnii*. 


where the superiority of the turbitu' over the reciprocating 
engine of equal outjiut is very evident. 

The steam turbiiu! which is shown in Fig. 17 consists of a 
cylindrical case with rows of inwardly projecting bladt's, within 
which revolves a concentric shaft with rows of outwardly pro- 
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jecting blades. The steam enters at A on the lower half of the 
cylinder, thus leaving the upper half quite clear of steam pipes 
and all obstructions, and facilitating dismantling. It then 
passes successively through the different rows of fixed and 
moving blades as explained above, and leaves the cjdinder 



throiiRh th(^ exhaust pipe 13. In order to give increased passage 
way for the steam as it expands, the sliaft is made witli three 
steps of different diameter, the heights of the blades being also 
increased. 

The steam, in addition to its rotational force, exerts a pres- 
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sure endways alniifr the shaft on the surface of the blades and 
the shoulder of the shaft. This is balauctsd by the dunnuy pistons 
(’/ ('" C"’, as shown in the section. They are made of diameters 
correspondin'^ to th(! different parts of the turbine they balance, 
and iiiv supjdied with the correspondinj' sti'am pressure through 
the pipes The shaft thus mns in comi)lete balance end¬ 

ways, ainl can b<‘ mov(‘d backwards and forwards WJth a light 
lever even when the turbine isrunningunder full load. In order 
to prevent steam leakage, grooves are lurm'd in these- pistons, 
into which project, without, however, touching the iiioving 
parts, suitably shaped strips of. brass can Iked into grooves in 
the cylinder. The whole forni a lahyiinthine passage olTering 
groat resistanci' to the (iseape of tiu! steam, most (if which is 
carried round and round by tin* skin friction of the duinniy pis¬ 
tons, producing a most effective* sciwn against leakage. The 
two glands D, whei’e the shaft leaves the turbine casing, are 
e-onstructed in iirecisely the same maimer. 'J'lie steam for pack¬ 
ing them is olitaiiK^d from the exhaust of tin* steam I’lday, a live 
steam connection being fitte:! for use before starting up. An 
ejector is also fitted to draw the excess st(‘am awav from the 
glands. 

The coupling between tJu* turbine and generator is of tlie 
flexible claw type, to allow for slight differences in alignment 
of the two portions of ilie plant. The thrust iiloek K at the end 
of the turbine shaft merely keeps it in plaee, with the right 
clearaiK^e between the fixed and moving parts of the glands and 
dummies, and adjustment is mad(* in a few minutes willi a small 
liner behind the thrust block. Tin* shafts theinsehes are solid 
steel forgings in the smaller sizes, while m llie lai'ger sizes they 
are built up of hollow steel drums umchined inside and outside, 
and then carefully slirunk together and pimi(‘d. 

The blades arci eomposod of a si:)ecial hras.s alloy which long 
experience has proved to lie the most suitable. This is rolled 
and drawn to the required seedion, and highly polislu'd so as to 
ensure the friction with the steam being as little as possible. 
For the first few rows of blades, copper is used instead of brass, 
as being more suitable for aujjerhcated steam. As will be seen 
from. Fig. IM, the tips of the hlad(w an* thinned, so that in the 
case of their touching, the ends are merely ground away or 
slightly bent over. This improvement has been found to afi^ord 
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additional Rooiirity without at the siiine time affecting llie steam 
consumption. 

For many yeais ])ast the lilades have been caulked one by 
one into grooves in the cylinder and shaft, a method which has 
jiroved satisfactory. Mi'ssrs. C. A. Parsons A Co., however, 
have devised, and are now using, several m<*tliods of assembling 
and holding the Idailes m complete sectors of suitalile lengths 
ready for insertion in the cylinder and sfuudle. These sectors 
can all he pnipared hefonihand and k('pt ready in stock, so that 
the acdual ojieration of fixing the blades in tlie grtKives of the 
cylinder and s]>indle is doin' viirv <iui(^kly. In one form the root 
strip IS iimde a eontinuoiis comb, into which the blades are 
inserted; Ibe teeth of tin' ciniih are then wpieezed down tight 
oui! by one in a suitable' automatie maehine, and the whole is 
then hent to the recpiired curvature to lit the spindle or (cylinder. 
'I'he sector goe.s into a dovetaiUid groove and is tixi'd then witli 
a caulking strip. In another form, applicabh' also to exisling 
tiirlnniis which !iav(‘ been already hladed by the older UK'tliod, 
the standard blades and jiaeking pieces ar(' jirovKhal with IioKn 
by winch thc'V are strung <m a wire; ol suitalile section. they 
arc then driven tight in a former curved to tlu' right radius 
for the part of the c\hn(ler which they have to lit: tin* (aids of 
the sector b(‘ing secured l>y riveting or any other suitable method. 
The complete s(ictor is then ri'adv for fixing in tlie liirlnne by 
caulking in Uie usual manner In all these im tliods the full 
strength of tlu- blade is maintained unimpaired right into th<' 
root fixing, tlu're being no swaging or sjueading out ol the root, 
or })ossi])l(“ cracking ol the metal, whih' at the same time the 
liold on the root is so firm that there is no tear of the blades 
coming loose. 

The \vhol(! of the luhrieatioii ol Uie bearings, thrust iilcwk, 
worm, and governor gear, etc., is automatie, the oil being drawn 
by the pump F from tlie tank Cf. This jmnip is of the rotary 
type, consisting of two wheels gearing into one another, which 
sweep tlie oil under consuleralde pressuri' round the oiiU'r part 
of tlu' casing. It is plac('d low down, so tliat it is constantly 
hooded, and since it has no valves and is drivi'ii by a jirokmgation 
of the governor shaft, its failure is pva(dically impossible. For 
flooding tlie hearings hefoix' starting upan additional small hand- 
pump IS fitted. A cooler is also provided to reduce th(' fempera- 
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ture of the oil. 8ince there are no rubbiii{» contacts inside the 
cylinder, no lubrication is required there, a fact wliich can be 
appreciated by those who realize the troubles of lubricating the 
cylinder and piston rods of ordinary engines, especially when 
running with superheated steam. As the same oil is circulated 
over and over again by the pump, and since no lubrication is 
required in the cylinder, the total consumption of oil is exceed¬ 
ingly small, and this has a (considerable cffi'.ot in the cost of 
gemeratiou in a large station. In a })Iant where a 1000 h.p. 
blowing engUH' has been running for tlu’ee years, the total cost 
of lubrication averages Is. 9d. jier wecck, and similar plants 
elsewhere have given (“(jnally go(Kl results. 

The governors tlieinselviis are of th(‘ (centrifugal typ(c, with 
the springs aetin,' directly lietwis'ii the halls, and are both 
mounted on the sanu' spnidle II, driven oil the mam turbine 
shaft by worm and worm-wheel. Steam is admitted to the 
turhine in a series of gusts by the periodic o])('ning and closing 
of a douhl(d)eat valve, ofierah^d by a st(‘am relay in mechanical 
eoimection with the turbine shaft, the duration of each gust 
hoiiig reguIaU'd by tlu“ position ol the governor lialls and itollar. 
One (Slid of the govi'rnor levin- controls the plunger valve of the 
steam relay, and the other end is furnish(‘d with a small roller, 
which runs on the collar of the governor. This collar has on(> 
side liigluT tluin tli(^ otlier, and as it turns round, raises and 
lowers the end of tin' governor lever, and thus gives the periodic 
motion to the valvt‘. For hand adjustmont of speed, a s(‘parate 
collar, spring, and lever are filti'd Pi tlie governor. In aidditioii, 
41 runaway valve is also fitti'd, being held open against a spring 
by a catcli and double trigger arraiigenumt, so di*.signcd as to 
reduce pressure on the point of th(' catcli to a minimum. In this 
way tlic release of th<' valve takes very little force and is ex- 
treinelv regular in its action, always cutting out at the speed for 
winch it IS set. There is also a lever provided, by which the 
valve can be tripped by hand. 

The work doiu' by the g(3V(!rnor itself is merely a slight 
alteration of the mean position of the lever end, and the relay 
plunger attached to it, the amount of travel remaining constant. 
The volume also of steam in the turbine is comparatively small, 
and passes very quickly through to the exhaust, so that the 
turbine itself responds at once to the governor, and the energy 
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stored up in the rotating parts Ixinj; larj^e, the variations in speeci, 
luomentarv and [)ermanent, art* verj' small. 

The turbine can efficiently expand the steam to a very hif(h 
degree. To secure the greatest efficiency, the condenser should 
be so designed that tht; temperature of the circulating water 
when it leaves tlie condenser is as close as possilile to that cor¬ 
responding to the vacuum obtained ; the subject of condensing 
plant and the proper distribution of steam in the condenser has 
been closely studied at Heaton Works with this end in view, 
and more than loO condenwrs have hoeii supplied giving most 
(ixcellent results. In many cases it ha.s been found desirable to 
increase the volume of circulating water and also its velocity 
through the tubes of the coiulensc'r Tins entails a larger 
motor for the circiiliituig pinii]), but the total extra power re- 
(juiivd will not exceed l.l per cent of the full output of tlie 
generator. The vacuum is 27‘0 inches to 2H inches, with cooling 
water at 7(r y., instead of a vacuum of 26 inches to 27 indies, 
which would he usual under ordinary conditions. U’lie net gain 
in sti'iiiii consumption, altci' deducting tlu' extra j)oW(‘r re(|uired 
liy the motor, is 4 per cent to ■"> per cont, without any incriiase 
in the size of the condenser. 

In order to furlht'r mijirove the vacuum, the vacuum aug- 
namtor (b’lg- 22) has ])r(‘n mtrodncetl. This apparatus consists 
ol a steam jet ejector which is pla<a‘d in the pipe betwi'cn the 
condenser and tlie air-jmnip and draws tlu* air and va]H)ur 
away from the eoiidenw'r, delivtihng it to the air-pump, the 
vacuum being much impnived. Hv the augnientor the air and 
vajioiir are compressed to one-foiirtii of their volume, and arc 
delivered through a small auxiliarv condenser (where they are 
cooled an<l the steam condensed) to tlu* main air-]mmj). The 
condensed water from the main condenser flows directly to tlie 
air-pump suction by a separate pipe which is water-scaled. 
The consumption ol shuim liy tlie jet is only about ] to'Jl.j, ])or 
cent of the total steam required by the turbine at full load, and 
the net extra gain in steam consumption is about 5 per cent. 

In many cases wliere engines are running non-condensing, 
an exhaust steam turbine (h’lg. 22) can be installed with advan¬ 
tage, if any water is available for condensing. 'I'hc work ob¬ 
tained from the steam will practically be doubled, and there 
will be no actual loss of water even if cooling towers are used. 
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Pio. 22.—Exhaust Steam ToTbine.(0. A- Pareons A Co.). 
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for the water lost by evaporation under ordinary conditions is 
only HO per cent of that condensed. A steam accmnulator will 
only be required where the supply of steam is intermittent, and 
Messrs. (% A.. Parsons & Co. have an agreement with Professor 
liat(uvu for the supply of his type of regenerative thermal ac- 
cuuiulalor whenever retjuired. TIki exhaust steam turbine'can 



(Ij'ivo any of the dilferent types of machinery usually driven liy 
tlu! steam turbine of the ordinar}^ type. 


Euec'Tkical Fitiingk. 

Where electrolytic processes are in use, the power required 
for these must be taken into account in fixing the size of the 
generating plant to be laid down, as in our former remarks we 
liave only included generating power for motors and lighting. 
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It is the cuBtoiii to carry the main cable from the generating 
station to a main distribution board, situated in the most con¬ 
venient part of the works, and at as short a distance as possible, 
for sub-distribution to other distribution boards. In this way it 
will at once be apparent that the cable leading to the first dis¬ 
tribution board must be sufficiently large to carry current for 
subdivision to the other points from which current is taken, 
and that it is much easier to carry cables of a small si/iC to the 
(liiTerent units than to carry larger cables direct. Bearing in 
mind the fact that fuses and switches should be so placed as to 
1)0 easy of access, it must also be kept in view that all electrical 
apparatus should Ixi well protected from misuse. To ensure 
this it is advisable that notices forbidding unauthorized persons 
to handl<.‘ the various electrical apparatus bo posted wherever 
the swilehes are tixi^d. 

The Inouky Automatic Weiuhino Machine. 

A veiy useful apparatus which will find application in many 
large works is the Ingrey antoniatic weighing and recording 
machine. The advantage' of having the weight of bulk material 
automatically recorded during the loading or unloading of a barge 
or vessel is obvious, and an equally advantageous application is- 
that of automatically recording the weight of coal fed into the- 
hoppers of boilers. Th(‘ Ingrey machine, as made by the Klein 
Engineering Company (1908), Limited, of 94 Market 8treet, 
Manchester, is shown in Figs. 8, 9, and 10. 

The machine illustrated in b^g. 8 is arranged for weighing 
and recording the weight of a load when delivered to it by a 
“ grab " or “ skip ” from a crane, and is specially applicable 
when the coal or other material is brought liy barge or vessel 
alongside a wharf. The ap))aratus is quite automatic in its 
action, the weight or impact of any load setting it into operation 
and indicating upon a dial not only the weight of the individual 
load but recording and adding the weights up to 100,000 tons, 
after reaching which the recorder commences afresh at zero. 

This machine does not deal with any predetennined load, 
but indicates and records the weight of each delivery, no matter 
how much tliis may vary. When a “grab ” is employed the 
quantity grasped is very uneijual. 

The recording apparatus is contained in a dust-proof case. 
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anti can lie fixed in a locked cabin N\ilb k1h.ss doors for iuspoctiott 
pui'poscs. Macdnius of greater or less capacity can be supplied, 



and tlie. speed of operating can be varied to suit any special 
reqiii! eiucnts, 


Fi< 5. 8.—'The Ingrey Automatio Weighing and Recording Machine. 
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An important featuro ot tliis machino is that when receiving 
*nd discharging its load the weigii-hncket is raised clear of the 
knife edges, so that the vibration caused by the discharge from 
the grail opeiuting iloors, etc., is not communicated to the indi¬ 
cating and recording mochanisni. 



Fid. II.—Tht) Insiry Antoiiiiitn.' Wuliibliis Miifihiui'; Stationary Typo. 


The Ingrey machine is now very extensively adopted whore 
mechanically-stoked boilers are employed (h’ig. D). It is usu¬ 
ally driven by chain gear from the stoker shaft, and the power 
required is veiy small. In eonnection with this machine a 
special measuring valve or drum is preferably used. 
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i Normally the machine remains out of action, hut directly a 
^supply of coal is rcKiuiroJ for the l)oilor a clutch is thrown into 



Fia. 10.—The Ingrey Aotomatio WsighinR Machine: Travelling Type. 


^ear and the actuating shaft of the machine is caused to wake 
one complete revolution. The first action is to move the measur¬ 
ing drum, which discharges its load into the weigh-bucket. In 
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the second action the bucket is lowered gently on to the weigh¬ 
ing centres, and the weight of the load is transmitted to the 
recorder, whicli indicates the weight, and adds this to the total. 
The third action restores the bucket to its normal rigid condi¬ 
tion, and, opening the door, delivers the weighed coal to a shute 
and thence to the boiler. The door automatically closes, and 
the machine throws itself out of gear and awaits a further 
demand. 

This machine may bo started into operation by the pulling 
of a cord or chain, but by an ingenious contrivance even this 
may be dispensed with, and the boiler is practically caused to 
help itself when it requires a supply of coal. Where two stoker- 
hoppers are attached to each boiler, the shutes from the ma¬ 
chines are bifurcated, as shown in the illustration. 

The advantages of a machine of this description are mani¬ 
fest, as by its use the exact quantity of coal consumed by the 
boiler is at any time easily ascertainable, and where a range of 
boilers is employed, u.sel'iil comparisons can be made, and the 
blame for over-consumption rightly apportioned. 

In some cases where a large range of boilers is in use, the 
maclnnes are made cajiable of travelling ujion overhead rails, so 
that one machine may be made to serve several boilers, big. 
10 shows such an arrangement which is installed at an im¬ 
portant power station. These machines do good work, but are 
much more expensive than the fixed type, and necessitate not 
only travelling gearing, but also the erection of a suspended gan¬ 
try, whilst the advantage of knowing the actual consumption of 
coal of each particular boiler is not secured. It is obvious 
that the benefits attainable by adopting the one-boiler-one- 
machine principle are not here served. When this travelling 
form of machine is adopted, the automatic system of starting, 
$.e., making the mechanical stoker determine when it requires 
coal, cannot be applied. The starting in the case of the travel¬ 
ling machine must be performed by hand. 



CHAPTEil V. 

SULPIUUUO ACID PLANT. 

In the arranj^ciment of Kulphnric acid plant it haa boconK' cus- 
toiriary in recent years to arranffi; the cliaml)ors in sets of three. 
In tlie older works, chambers of larj'ely varying dimensions 
may found, wluireas in modern works acliamber of moderate 
cross-section and length has Ix'come more usual. Cliainbers of 
20 feet width, 18 feet in heiglit, and from 100 f<‘et to 120 feel 
in length, are rc'presentative of this class I’he width men- 
tioiK'd pisrmits of easiisr construction tlian a chamber of greatiir 
width. As will he seen from thedesei-iptioii and drawing (Plate 
IIT.) tb(i limbers torming the roof su])))orts for the Ic^adwork 
of the chamber (?an be mori' readily olitaiued ni lengths suit¬ 
able for this width than where wider chambers are used. 

It has been the ])ractiee to t;rect tlui ehambc'r platform at 
sueli a height, as will enable the burners to lie plaeed under¬ 
neath, or, whore the space underiioatli tlu‘ chambers is not fully 
occupied by the Inirners (H‘ jiyntes ston-, the hiiight is still 
sufficient to admit of being utilizeil for many other purposes, 
and if of any advantage, a line of rails could be taken under, 
forming a covered shed for unloading goods. 

Recent pra(;ticc in the erection of chambers has brought 
iron and steel more into use as regards the columns and girders 
supporting the ehamlicr platform. It is only m the older works 
that brick or stone ]>iers are to be met with for supporting 
the chaiiihers, the smaller space taken up by an iron coUnim 
being naturally a great advantage. Opinions dilhir greatly 
as to the type of column to he used, some manufacturers 
preferring a circular column of cast-iron, or cast-iron of special 
section, or a steel column of I section, with suitable cap and 
base-plate riveted on, with angle-iron and gusset plates. 

Assuming, then, that we are considering a plant consisting 
(701 
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of three chamhc.rs, each of wfiich uujasures 1*20 feet by 20 feet, 
by IH feet high, and allowing for a gangway between the cham¬ 
bers of 5 feet, and a further gangway outside the outer chambers 
of B feet 6 inches, we have a platform measuring 127 feet by H2 
feet, and if the columns are spaced at 10 feet centres lengthwise' 
of the chambers and 25 feet ccMitres in the breadth, this would 
give a very suitable support for the main platform. Our reason 
for suggesting a spacing of columns at 10 fetd centres, length¬ 
wise of tlie chambers, is. that this arrangement lends itsdf very 
well to tlu' disposal of tlui burners, when these are placed under¬ 
neath the chambers, as tlu^ usual width of burner front is 5 feet, 
by arranging the burners so that the jointing of the burner front 
plates c(Mues opposit<! tlu' centre of a (5olumn. With this 
arrangenumt it will be found that in ojierating the burners the 
columns will not be in the way of the workmen in the o[>erations 
of charging the buriK'i s (H’ pokt'ring. 

The strength of the columns re(juir('d will naturally de[>eud 
on the weight which they have to carry, and although the 
chamber platlorm and chambers by tluunsclvcs may not vary 
much in weiglit for a given si/,e (d (diaml)er and thickness of 
lead used, the main weigiit will dcipeiid on the diptli of upstand, 
wdiudi govi'iiis the acid eontc'iits the chamhei’s will hold and 
determines th(' total lo:wl to h('su))]iorted. Whicliev(sr column or 
type, of column iirevioiislv luentioiuid is adophut, a good base 
plate is essential, to sju'i-ad the weight on the foundation. The 
foundations for the columns may he m (;oncret(' or brickwork, 
as sliowii m the drawing. Imt in all foundations where hriekwork 
IS used th<' bricks should he laid on the flat, and never on edge, 
and preferably “ Mi'talline *' bricks. Tf the columns are bolted 
down W(' preh'.r tlu* bolt-lu'ads to be bfdow the ksviil, so that the 
hnek paving{^an he linished up neatly to the columns. 

For a good working floor, m oui‘ opinion, nothing is better 
than bracks on lidge, laid on concrete. Bricks laid m this way 
do not v^'iidily pull up with the use of shovels, rakes, or other 
tools used 111 connection with tlu^ firing of the kilns. 

The cli.iiuhers are seldom now roofed in, as the leadwork of 
the top forms the roof, and the central gangways and sides arc 
covensd Ijy a small pitched rool, which is often covered with felt 
or thin shi'et-lead. A. brattuung is carried down from the slop¬ 
ing roof of the outside gangways to the chamber platform, with 
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open spaces of al)out half an inch between the boarda In 
some cases close boarding is preferred, and sliding windows 
are provided at a suitable height and distances along the outer 
gangways. 

Where the leadwork of the top of the chambers forms the 
roof of these, it is custouiary to make one side of the chamter a 
foot higher than the other, so as to form a good drainage for the 
rain-water. 

Running the whole length of the to]^ of tlie chaiul)ors, and 
spaced at equal distances apart, it is usual to fix a couple of 
gangways, which are easily formed by two l)-inch planks placed 
side by side. These gangways are convenient for examining 
the top of (lie chamliers and operating tlio lutes or attending to 
the obs(*rvation glasses on th(^ (diamhcr top. 

As will ho set'n Irom the drawings, tin; li'aclwork forming tJie 
top of the chamber is supported by lead straps from the trans¬ 
verse joists running across tlu; chamliers, and thougli we prefer 
the If'ad strap to embrace the joists completely and to be burned 
on to the leadwork of the chamber to]) tin (dtln'r side, the method 
shown 111 Plate 111. is often met with, on account of the saving 
(‘ffeeted in tlie <juantity of lead used. But where this method is 
<‘mploy(‘d, in our opinion, the straps are far more liable to be 
torn off, and the alternative nu'thod, where the strap entirely 
mnbraci^s the joist, is preforalibi. In this latter case it will be 
notiei'd that no nails are necessary, whereas in tin* fonner system 
it is usual to sixmre tlie strap witli three nails, one at the apex 
of th(^ triangle and two at a lower point spread apart. In this 
latter method, in order to equalize tlu* support of the lead strap, 
th(! system is adopted of staggering these straps, so that the 
first one will he on one side of the joist and the next one on the 
other side of the joist, and so on alternately. 

Although the lead top of the chamber will sag a little, how¬ 
ever well supported, where attached to the crowntree, this is not 
sufficient in our opinion to warrant the insertion of lead draining 
pipes, which in some chambers are placed at intervals through 
the top sheet and out at the side sheets. Tiie inclination of the 
roof-top should leave very little water to lodge at this depression. 

The acid connections from chamber to cliamber can be made 
either by means of a pipe and plugs, as shown in the sketch 
(Plate III), or by an open channel crossing the gangways. We 
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prefer the former method, as any obstraction in the gangway 
is an objectionable feature. The pipe if of ample size is not 
easily stopped up. If the system that we give later on, in 
cases of chambers of greater depth than we have been referring 
to (which have only an 18-inch upstand), is adopted, then the 
open trough would be below the chamber platform, and so leave 
the gangway clear, and in that way would not be objectionable. 

The method shown of the pipe and plug arrangement is also 
suitabki where the acid is run off from the chamber to other 
portions of the plant, to the acid tanks, or for immediate use. 

The other fittings of the chambers will l)e considered sepa¬ 
rately as regards tlnur uses and positions. The gas trunk con¬ 
nection from cham))cr to chamber is placed at such a height as 
to leave clear head-room undenKJath, and can either come out 
at the end of the sid(?s of alternate chambers, or, if preferable, at 
a central position at the extreme end of tlie chambers. A 
preferenct*. obtains amongst some manufacturers for a circular 
gas conn('ction, the id(;a being that with a flue of rectangular 
diimmsions eondousalion is apt to take place- and corrosion 
ensue at the square corners. We do not think there is much 
in this argument, Imt any disadvantage is readily overcome by 
using a U-shapt'd connection. This form is more easily made, 
and kee])S its shajie lietter than the circular trunk. 

It will be noticed tliat wliere the gas trunk enters the 
chamlior a greater width is ne-cessary between the uprights of 
the chamber. To compensate for this, the uprights on either 
side of the gas trunks should be of stronger construction, and 
•diagonal struts should be taken up to the underside of the 
•crowntree. 

Before the leadwork forming the bottom of the chamber is 
laid, it is very essential that the floor of the chamber platform 
should be left quite smooth and even, especially where the planks 
forming the chamber bottom come together, and no nails or any 
■excrescence such as a hard knot should be left standing up. 
Attention to such details will do much to prevent the lead from 
being cut by pressure on any of these causes of abrasion. These 
■are points which the contractor accustomed to this class of work 
should of course watch for himself, but those who are respon¬ 
sible for the future welfare of the plant will do well not to lose 
sight of them. 
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The best positions for the donitratmg and absorbing towers 
are at oix; end of the chambers. The platform of the 
chambers is reached by a flight of stairs, preferably arranged in 
a doul)le flight, with a landing in the middle, as one long 
flight IS not only awkward to deal with, but is also very tiring 
to those who have to usij it. WhiTever possibk^ the means of 
operating any in-oeess should lx* made as easy as possible for the 
workmen, where the slight modifications from conventional 
design do not add materially to the expense of constmetiem. 
Whil(‘ touching on this point, it may he mentioned that all stairs 
should, whenever possible, be carried up at an angle of ■15(h5grees, 
as accidents are far less likely to occur with an easy ascent than 
with a steep one. Moreover, wlicre any acid or other corrosive 
liijUid IS likely to lx* spilt on stairs, this is more readily brought 
into contact with the h'gs or clothing of tlui jx^rsoii asci'iiding 
steps witli a steep inclination. Wide treads should he given, 
wherever possihk*, in prefenuice to treads of narrow width. By 
observing little details of this iiatiW! as regards construction, 
increased comfort of working is sir.ured. 

In some works wli('r<‘ tlin'e chambers form a set, tlie luirners 
occujiy a central }K>sition uiidcT the middle cliaiuber. for the 
purpose of giving amjile room on either side for tlui storage of 
pyrites and the handling ol the n'sulues from the burners. 
This aiTangemeni also brings tlie (ifav-riussac. ami (-flover towers 
clos(“ togidher, thi- ceiitiv-lme of thi' (-llover Ixmig a c.ontuiuation 
ol the centre line of the IxinuTS. It is immaterial upon winch 
side of the (ilover the (lay-Lussac is placed, hiit tins, again, may 
be a eontinnaliou of the centre line of either of the outside 
cliambers. With tins arrangement, tlio exit gas flue from the 
last of the chamber set will hav(! to lake a diagonal course to 
the Gay-Lussac, and if the seh'cted arrangement is to place the 
burners centrally underneath one of the outer chambers, the 
Glovei' being also on the same {xmire line, then the Gay-Lussac 
would thus Ix' thrown to a position on tlie centre hue ot the other 
outside chamber. Tliere is not much to favour one or other of 
those arrangements as lar as preference is concerned, but they are 
important jioints to be considered, as the disposition of other 
parts of the plant naturally depend on the position that these 
towers may occupy. Berbaps in the I'onner case, wliore the 
towers are brought close together, the arrangement of the stairs 
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to the chaiifiberR and the tower lend theinscdves more conveniently 
to the general opei’^tions connected with attcniding to this part 
of the plant. 

Tins Gnwi-ni TowjVA\. 

'f t*e construction of the CtIovci' tower (Plate "V ./Jjas generally 
takem^the form of dividing the weight of the tow^(‘r projtKr and 
the ^llijge, 80 as to l)e independent of each other cxce])t with re- • 
spect to tile foundations, which are common to both. Tlu' tow<'r 
itself IS general!^ built up of a brick ])edestal of a(nd-])roof 
bricks, finislmd otf n(!a,tty with cement, on which a Uiad apron 
is placed and beaten do^po a few inches in depth over tluitop 
of the brickwork. again, the k'ad dish forming the 

upstand for the tower bottom jg placed, and tiic brickwork form¬ 
ing tiie sides of the tower is bfiTW jjp from this point. 

The h(;ight of th(; brick pedestal liy the acid tanks 

and cooling arrangeini'nt to which it to flow by gravity. 
The htiight of the lead portion of the 'owei- is usually aliout 
‘Jo fei'l, and tlu' to\v(;r in (-ross-si'etkin vaTie,!^ ^ |2 

feet square'. 

Tlie bouse m which arc placed the acid tanks which feed 
the tower is supported on four timlier It'gs, winch have th(;ir 
bas(^ on stone, and rest on the mam foundation of the tower. 
The house is gem'iaily made in two storeys, the uiiper of which 
contains tlu* acid tanks, and the lower floor ilu' distributing 
aiTangi'iueiit for sn})plying the acid feed. The upriglits or 
corner posts require to be of strong timber, and are usually 
of pitelipme, anil of 10-inch to l*J-mch sipiare in cross-section. 
The construction is clearly shown m tlie drawing, and it will he 
notiec'd that besides supporting the house, the posts also take 
cross-su})ports at frequent intervals in the heiglit of the tower,, 
from which load straps ar<' secured and burned on to the lead 
sheets lo.iiiiiig the tower sides. The lead for the sides of the 
tower requires to be much stronger than that for either the 
chambers or the Gay-Jaissac. In some jilants the sides of the 
Glover towers have been made with thicker sheets towards the 
bottom part and thinner sheets in thi' upper portion, but as this 
complicates the lead-burning, without in our opinion adding 
much to the life of tiic plant, we think it better to use a lead of 
uniform thickness for the wliole depth of the tower side sheets. 
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and one of 10 or l‘2Ib. will be found to last well, thfupatand or 
dish being of much thicker lead, generally 6fll); 

Many plans have been devised ^br distributing the acid at 
the top of the tower, but j^ithough that which we are about to 
describe is one of tffe old(i8t forms, we think that it is still oije^' 
■of the best, jjj arrangement, a lead dish is formedjjp, 
pin" gome 6 or 7 inches lower than the main floor o»« 
first storey of the house, and in this dish are a number of 
•or (nips, with short pipes arranged so as to give a ^bod general 
distribution over the area of the interior of tower. On 
•oppositii sides to ea(5h other is a lead cijjtcirn, divided up into a 
s(uies of compartments, from which outflows formed of an open 
lead trough are led with a diminishing lij>, to the lutes on the 
tower disli for supplying the acid to tliis latter. These acid 
distrilmtors, or lead pianos, ss they arii sometimes tenniid, are 
fed from the overhead Acid supply cisterns placed in the upper 
storey of the t{)w('r. Tlie towi'r itself is built u]> of acid-proof 
bric.ks, the lower jiortnh of the walls being 14 inches tliick, and 
reduced to 0 n>< Aes m tlio upper portion. The lower part, 
wmcui IS ..quired to support tlie packing, is arched ov(!r at a 
Buitaliie height from the bottom of the npstand, and leaving 
ainjiie room above where the Imrner ])ipe brings in the gases 
from the burners previous to tluise finding their way up tlirough 
•the packing of the tower. 

Ihe BiK'kley arch-block is extensively used as a rijady means 
■of supporting the packing and lessening the labour which would 
b(i entailed in building arches of brick. These blocks can now 
be obtained in several sizes suitable for making arches of 8 feet, 
4 feet, and 5 feet span, fonning a complete half-circle. 

Whatever form of packing is used in the tower, it is the 
general practice to commence; with a chequered course or two 
of “Metalline” bricks, and in some cases the “Metalline” 
brick packing is continued up the whole height of the tower. 
Various forms of special packings are now employed in pre¬ 
ference to the older method of using hard coke. 

The method of packing the towers used in the vitriol plant 
has changed considerably during recent years. In the old type 
■of tower, acid-proof bricks were chiefly used, with the liquor 
■trickling down the brick-packing, which was arranged in pigeon- 
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ikojn the Gay-Lussac, tofjether with the weak and nitrous 
hole fashioni'l jg fed to the Glcvcr tower for denitration, as 
substitute, for the u- 

hollow balls, when soliu j fictions of the plant briefly men- 
insides aa well as the outsides as couti. i Tri niodern plants 
By the use of such material, the output oi • ^ 
been very largely incteaBed, and the necessary heigH. ^ 
.toterl for any gion chamber capacity ,8 correspondingly rc- 
TCry^ whilst the cost of the new form of packing compares 

Thd-ronrably with that of the old-fashioned brickwork. 

The qnm y tj^c pyntes 

“ Glover toU re,mrcsv^ 

^fleadtckc^^;. —pi^w^^^ 

The burner pipe rcjffe 

the heavy „,tare of the burner gases, 

and It .8 protected by a fa the pipe 

iiocdB to be of considerable s^ 

Wo have drawn attontioi experienced 

m finding a mutable hp for t.--, the npstaud of 

the Glover tower to the cooling apparauus. A lip . 
recently been much recommended is that made of fusiid silica 
by the Thermal Syndicate, Ltd., of Wallsend-on-Tyne. A de¬ 
scription of this will lie found in the chapter on general plant. 

The exit gases from the top of the Glover tower are taken 
by a lead trunk, similar to that shown in the drawing, to the 
first chamber of the scries. 

The acid supply to the chamber cisterns is either forced up by 
means of acid eggs, as in the older works, or by one or other of 
the various types of elevator, such as that of Kestner, which, 
when properly used, is one of the best means for elevating 
acids, and of which a description will l>e found in the general 
plant section. 

The Iramework of the tower house, except as regards the 
floors, may he of a light nature. Sliding windows for ventila¬ 
tion and light should be placed on each side, and the roof can 
he covered with felt or thin lead, the latter for preference. An 
overflow from the acid cisterns should be taken down, either to 


the chambers or to the acid cisterns on the working floor. In 
dealing with the chambers, we have already referred to the 
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tive to research which has been provided by the working out of 
the now method, however, has benefited to a remarkable extent 
those manufacturiirs who depend for their supplies on the cham¬ 
ber plant, and to these a summary of recent practice will be of 
interest. 

It may he observ(;d at the outset that there is nothing which 
is distinctively new in the various moditieations which are now 
being generally adopted in chamber vitriol plant. These modi¬ 
fications are more m th(‘ miitliods of working than in design, 
and, aj)art from th(' mtroduciion of plate towers, involve only 
the addition to existing cliamher ])lant of i^omparativiily iiuix- 
pensivi' accessories. The princijial alterations wore long ago 
indicated by siieh authorities as Liingi', and the progress which 
has been mad(‘ is siin])ly the result of careful experimiint on 
lines which wen* already laid down by experts m tlie ti'chnology 
of tlu' process. 

In the following summary of developments in d<!sign and 
woi'king, it may Ix' observed that althougli a good many of the 
modifications have been much (IisiuissimI, th<‘n‘ is still the usual 
teiuloiic) on the part of the general body of vitriol inaniilac- 
turers to kiicp to old methods and old ty]K’s of plant, (.'hemical 
maniil'aidiirers m the mam have always been notexl for thiur 
reJnetance to deviati; from old and tried methods and apparatus, 
and much that has recently been written as to radical develop¬ 
ments or modifications in vitriol plant does not apply to the 
average works where the cliamlier jdaiit, in its unchanged form 
as erected ten, fifteen or twenty years ago, is still siic(;essfuliy 
operated. 

'J'akmg the various siietions of the plant in their order of 
working, it may he noted that the hand-fed kiln continues to 
hold its ])lace. Mechanical furnace's have not been so generally 
ado])ted as was anticipated, and it is acknowledged that their 
us(! <loes not compare very favourably with the old ty])(' of kiln, 
exeiipt in cases wlu'ix* wages are below a certain kwel. The 
pyrites used in meclmrmtal burners must be small, necessitating 
fimn* crushing and produeing much dust, to catch which, dust 
chambers may be reipiiri'd. 

Tht^ old method of introducing the nitric acid into the 
chamber system, by generating it from nitrate of soda and 
vitriol in the nitre ovens of the pyrites kilns, is now falling intO’ 
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disuse in many works. It is to be noticed that the inodiHca- 
tioiifi in workinj^ the chamber vitriol plant which are beinf? 
most jjeneraliy adopted are those which do not call for struc¬ 
tural alterations in ('xistinj^^ plant. Vitriol plant does not lend 
itself to extensive alterations after e.rectioii. The units of the 
])lant are mostly built-up units, they are not easily altered, and 
consequently any modification, to be readily adopted, must be of 
such a naluix' as to Iw^ feasi])lo without calling for extensive 
structural aittjration. 

Snell a clian^^e can bo elT(‘(*te<l in tlu* method of introducing^ 
th(^ rr(|nisite nitric acid. The generation of this in the old nitre 
pots (hies not lend itself to accurate (control. 'I’he potting is an 
operation wliicli is sonu'what chimsy and wasteful, and cou- 
soquently a siiiqiler imdliod lias found I’avour with many vitriol 
makers. l>y feeding liquid nitnc acid down tlie (irlcwei' tower 
the p]'o])ortJon of acid can he carefully controllc'd, ])otting is done 
awav wuli, and (r.ononiy ol nitric acid is elfectc'd. 

I\rni li lias been heard during recent years of radical altcTa- 
tions in liie design of vitriol chamhers, hut here, again, the 
teiideiuw in this ronntry is certainly not in the direction of 
discarding the old design. Tlu> difficulties in the way of struc¬ 
tural aiU'rations hi existing chambt'i s are obvious. In Germany 
chamhers have been erect(‘d wliicli ar(' t(>wer-]ik<‘ in constnic- 
tjon. 'Phe oblong form lias hcen abandoned, and instead of cham- 
luTH ItiO feet long liy about liO feet in height, we find shorter 
and loftu'i’ structures. The cause fur tliis modification is found 
in the theory that condensation is greatest where the burner 
^ses bav(^ a longer vertical fall from entrance to outlet. Hence 
the tendency towards lofty chambers. But obviously this priu- 
cijile ('.annot lie ajiplicd to existing chamhers of the old typi'. 
That it is a sound theoi’y seems to he borne out by tlie results 
of working m the “tower” cluimher. fn tliese latter the ten¬ 
dency is to .iiake tlie height grc'ater than the length or width. 
(TUttmann (“ Journal of the Society of Chemical Industry,” 
1908, p. ()f)7) mentions a rectangular chamber, which, as 
originally built with a height of 20 feet, worked at I f cubic feet 
per ton of sulpliur burned per twenty-four hours, 1ms been re¬ 
built with a height of 40 feet, and now works at 11 cubic foot 
per ton of sulpliur. The gases led in at the top of the chamber 
travel slowly dow’iiwards, forming eddy currents; when the 
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hoij(ht of the cliamber is greatly increased, the length of the 
path of the gaseous currents is increased proportionately, and a 
greater period is allowed before the exit is reached. 

Another modification which docs not call for structural 
alterations is the use of fans for controlling the draught in the 
syteiu. In the old method of working, where the suction of the 
chimney was relied ujwti, the result was at times far from 
satisfactory. It has been hunul that by the* use of spe(5ially con¬ 
structed fans the draught can Ixj kept under (ixiict control and 
the output of the plant materially increased. 

The same reiiuirks as to the relut'.tance of manufacturers to 
adopt modifications which &iv. of the naturi' of additions re¬ 
quiring structural alterations, a]iplies to tlie introduction of the 
necessai-y moisture into the chainhers. it was formerly the 
invariable rule to supply tluj requisite moisture by iiuians of 
steam jiits. This raised the temperature of the vitriol cliambers, 
and as the result of experiment it has lieen found that if water 
is introdu(50cl in the form of a fine s[)ray, the nsaction tem|>cra- 
ture is kept down and tin' outjuit of the chamber is grc'ater. 
The substitution of water sprays m ])lac(> of steam calls for 
a greah'r height of tUecUamlau's to ensun: coiujilcte vaporization 
the water before it readies the l)oit(nn of the chamber. 
O'e secure this additional lieight, coiies or cylinders have been 
added to the roof of ('xistmg chamb(U-s, tli<' water spray Ixung 
placed in the upper part of the cone. 

Another modification is the introduction of ])late towers 
hetvveen the chambers. This considerably mcrc'ases tlic reaction 
surface, and much acid is conden8<!<l in the towers. 

(xlovcr towers composed of volvic lava lilocks have been 
used on th(‘ Continent, but there is lilth? likelihood that such a 
system will b(' extensively adojited m this countiy, as the cost 
of the blocks is too heavy to jiermit of their displacing the uld<;r 
forms of tower construction. Tlie advantages which are claimed 
for these towers are that they can now be made to stand by 
themselves ; that even if a thin ouUt siieli of lead is ust^, the 
amount of lead required is less than in the old-form Glover; and 
that no timber structure is required, as lecid-tanks can be dis¬ 
pensed with by the use of automatic elevating and feeding 
apparatus. 

With regard to the Gay-Lussac tower, the use of automatic 
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acid clevatorR has simplified the feedin^^ of this. It is now not 
an uncommon method to provide a central Glover tower to take 
the nitrous gases from several Gay-Lussacs in the case of very 
large plants. 

Circular chamLirs have been introduced, jn'ovided with in¬ 
terior vertical partitions in the fonn of spirals, so that the gases 
are compelled to pass tlirough th(‘ (tliambei’ in spiral fashion. 
The partitions are made of porcelain, and may be perforated. 
'I’he advantage claimed for these Meyer chambers is that a 
longer period of traverse is secured for the gases, and that 
greater condensing capacity is thus obtained. Meyer’s tan¬ 
gential chambijrs are provided with two or more tangential 
inlet tubes at suitable distances apart and at different levels. 

J3y the use of these various modifications it has been shown 
in practice that the yield of acid per cubic foot of chamber space 
can be vei’y materially increased. The increased output nece.s- 
sitates much greater care m working, and it follows that the 
labour charges will be higher. I’he question of tlu! “ life ” of 
the “ tow(!i' ” chambHi's now being used in Germany has been 
discussed. Thci old-fashioned chamber, wlien not worked too 
hard, had a life which in some cases was as long as fifty years, 
whereas “ towis- ” cliamliers worked on what may be termed the 
intensive system wtiiild probably not last for mon; tlian twenty 
years. 

The outstanding result aidiievi'd hy the introduction of these 
various modifications in the working of the old chamber process 
is that it is easily possible to increase the output of the plant by 
such means as water sjirays, feeding of liquid nitric acid, llwi 
use of fans, etc., and this fact has done miicli to delay the in¬ 
troduction of the (contact system into this comitry. 



CJTAl^TEE VI. 

HYi)K(K;nL(mi(; acid i’lant. 

In dciiliii'f with hydrochloric acid plant, tlic first portion oC the 
to 1)0 (tonsidered is that conmseted with the docoiiipnsition 
of llu! salt in flie roaster, or salt-cake furnace. Tlie form of 
furnaet' that is now most eeiKirally nse<l is that of the plus- 
pressiin' lypii. 'J’lie advantae(' of tins river tlie usual 
fiirnae.e is that by placin;,^ the iii'rsplace at a eoiisider!il)ly iowrir 
level than the body of the furnace tlie ^^ases couiint; away fioui 
tlie furnace have a tendency lo leak into tlu' imilllc, instead of 
tlu' t:ascs from the niuHIe leakinjf into tlio flues. Tins will he 
inoi<“ apparent on following lli<' (h'sei'iption of the liirnaee shown 
in Plate VI. The depth of the lir<'])laei' will lie stnui lo h<' some 
7 ft below tlie workini^-lloo!' li'vel of the salt cake shed, and as 
the lirine is doin' from the fltmr Jewel, it is only neex'ssary that 
the iish'pil which is sunk lo tlie h'Vel inciitioiied below the floor 
line should he of sullicieiit si/e to ;,nve read,\ access to tlu' ashes 
(>i‘ for Mu' reui'wal of the fire-bars, as the* ease' inav lie- A ver¬ 
tical e-ast-iron ladde'r sliould he- limit into the wall, feir the pur- 
jiose' of ^r,.ttiuo down into tins asli-jiil. 

It will be noticeei thal the* lire-place'S are built si'parate'lv, 
and lor tlie sake eif streii^ffli the four side's eil e:ach lire'place are 
fori He'd ill the' shape of an arch ni jilaii, leaving a ve-rtie-al airsliaft 
he'twe'eii the- two fire'plaeais tei the full heielit of the furiinee shaft. 
The fire-hars are at a convenient liei^hi above the ash-pit floor, 
and unde'i’iie'ath tlie lire'-hars air-]ie)l<‘S ])ass thre>u,"h tlie side! walls 
into the' \ e'rtical air-shaft he'twe'eii the' twei furnaces. I’ho cast- 
iron ash-jian is supjilieel with wateT durinji the' weirkin;^ of the 
furnace. 

The ^'ases, em lesavin^^ tlie^ furnace shaft, pass over the top 
of the! uiulHe to the rear end of the- furnace, and there dreip 
down to a senes e>f Hues nmnin*' uuderneiath the niulllc to the 
(HO) 
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furnace end again, where they join in a flue which has a branch 
passing underneath the decomposing pan, or continuing direct 
on its way to the main flue leading to the chimney. If the heat 
is required underneath tlu* decomposing pan the damper in the 
by-pass leading to the main flue is closed, and the one leading 
to the decomposing pan is open, or vico-vcrsa. It will be observed 
that the pan is placed on one side of the furnace opposite to the 
side on which the charges are withdrawn from the muffle. A 
cast-iron pan of the tyj)e shown in the illustration is that in 
most general use, and th<5 flange round the side is useful for 
taking up the thrust of the arclied cover which is built over the 
top of th(! pot. The thickness of the pan bottom, it will be ob¬ 
served, is much greater than at tlu! sid(is where it joins the 
flange, as this is the portion which has the most wear and tear, 
and is generally alioiit inelios tluck. 

The setting of the j)ol. j’lvjuires a good deal of care in the 
arrangement for prote(ding it from the direct heat of the fur- 
iiac(‘. A common form t)f setting, and one winch we can re¬ 
commend, is to turn a pigetui-hoKid arch ovei’ the top of the flue 
convc'ying the gas(!s from tlu' furnace, and thus baffling the flame 
from striking directly on the liottom of the pot. The same 
effect can he ol>taiiied liy fire-clay slabs built over the luitrance 
for flic gasi's, in such a mamu'r lliat they striki' tln^ to]> covm-iug 
bloeks In'lore finding their way to the underneath of the pot. 
The flue from tin* pot joins up to tlie mam Hue to the cbimuoy, 
and is regulated by another daiujx'r. in som<! cases, further 
lulvantage is tala'ii of tlie heat luddiv tin* gases pass away into 
tli(‘ mam flue, by allowing them, after leaving the pot, to jiass 
under a supplennuitary heater for the acid feeding the pot, in 
which case this lieatcr occupies a position immediately heliind 
the salt-cake pot, and with an arrangement so that tlie gases can 
either jiass under it, or, by closing a damper, they may pass 
away to ti.c mam flue. In a furnace of the dimensions given in 
the drawing tlin'i' doors for withdrawing tlie charges from the 
mulfle are provided. The type of door which is moat handy for 
this class of furnace is a balanced door which can he raised or 
lowered readily, the cli !n supporting the door passing over 
pulleys, with suitable counter-weights. The dead-plate forming 
the bottom of the door should be placed level with the floor of 
the muffle, and just within the door space au opening is formed 
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for the purpose of allowing the charges, when being withdrawn 
from the muflle, to drop down into the hopper which is placed 
under e-ach doorway. Those hoppers are usually made of wrought 
iron, and are partly built into recesses in the side wall of the 
furnace, and made with a slope, so that the. doors of the hoppers, 
whuih are closed during the drawing of a charge from the fur¬ 
nace, will mori! readily fall to their frame than if placed in an 
upright position, the object of the hopper boxes being to protect 
the workmen from the fumes that ar<; given off from the roasted 
salt-i^ake. fn older form of roaster the charge was rakiMl 
ont on to the door, but in this form the cake drops into tlie 
hop)»ers, and th(5 gas rises up through the aperture into the 
inullle. 

The gases coming away from, the niuflie are in many cases 
conveyed by a separate pipe from the iminie and connected to 
condensing cisttn-ns, as these gases an^ weaker than those coming 
away from the salt-cake pot. The fliu! taking the gases from 
the pot IS taken from a point directly over ihe centre of the pot, 
and by means of tin; gases are conveyed to another stonis 
condensing cistern. Thesi* stone cistiTiis are us(m 1 as a jire 
iinnnary to the gases isnteriiig the towers where the main con- 
di'iisatioii takes place. The numlua* of the con<leusing cisterns 
varies in many works, and in some cases wheie the towiirs art* 
of very large area cisterns are dispensed witli, but Lunge and 
other good authorities are in favour of their use. 

The pipes used for conveying the hydrochloric acid gasi^s 
generally of earthimware, unglazed, thoroughly wcdl boiled in 
coal tar, as, next to glass, these an* found to resist the action of 
the condensed acid as well as any material, glass being lar too 
exjiensive to use tor this purpose, as well as hinng so liable to 
ira(5tiire. 

Tlie pipe-line connecting the salt-cake furnace with the 
cisterns should have a tall towards the cisterns, and the jointing 
material should not only surround the spigot end, hut should 
also form a joint between the (Uid of the pipe and the socket. 
In this way a firmer joint is made tliaii where the spigot end of 
the pipe comes m direct contact with the socket of its neigh- 
liouring pipe, but the jointing material should be well cleared 
off from the inside of the pipe as each length is placed together. 
A timber runway is the handiest arrangement for supporting 
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the pipe connections, with cross-supports at intervals under¬ 
neath each pipe. 

The hydrochloric acid tow(5rs inay next be considered. 
Owing to the nature of the acid dealt with, and also to the great 
weight which a towc^r of this description places on a small area 
of ground, the towe^rs require very careful building, A stone 
foundation, built up with a jointing material of coal tar and 
sand mixed, forms as go(xl an arrangement as any that has yet 
been tried, and a thick layer of asphaltum should form the top 
dressing. The height of the base of the tower, or pedestal, 
dejKjnds greatly on furtluir processes connected with the use of 
the acid, as, for instance, where the Weldon process is in opera¬ 
tion in an alkali works a height of 20 feet would not he. too 
groat, but where the acid itself is only required, 10 feet would 
probably be sulBcionl for running int(» furtb(5r receptacles, such 
as sn])))ly cisterns. 

1’he boitdiu of the tower is generally formed of one large 
stone, from 10 inches to a foot in thickness. The tower is 
rectangular, and formed of carefully selectcid atones jointed as 
shown in the drawing. The stone slabs are furtluT supported 
by a frame of timber and iron bolls, winch tie the com¬ 
ponent paits together. The tower top is covered ovei’ witli 
a stone, in which a series of lutes are formed, and through 
which the condensing water trickles over the packing material 
in the tower. The gases enter at the bottom of the towiT. 
through an earthcfiiware ])ipo carefully stemnu'd into an opening 
cut through one of the sid(‘ stoiu's, and above this inh't for 
about two feet is a clear space before the packing of the tower 
commences. The packing is supported by stone lilocks spanning 
from side to side of the tower, or where the dimensions of the 
tower would tlirow too great a w<‘ight of packing on such sup¬ 
ports, intermediate vertical supjiorts are introduced, and spaces 
are left b.tween these supports for the gases to escape up the 
tower and find their way through tiie packing to a clear space 
at the top of the tower. 

Hard coke, as in the (lay-Lussac, has been generally used as 
a packing material for hydrochloric acid towers, but many of the 
other forms of packing material now on the market may safely 
be recommended. It will be remembered by many engaged in 
the alkali trade, that'a serious accident occurred atone of the 
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Tyne works some years a^?o, when the packing of coke in a tower 
became diy and set on fire, resulting in the collapsing of the 
tower, fetching down with it one or two adjoining towers and 
entailing serious loss of life. 

The tower woodwork is continued above the stonework top, 
so as to form a support for the water tank for flushing the tower. 
The tower top is reached by a scries of stairs, with platforms at 
suital)le distances. The exit for the gases is taken out from 
one <»f the side stones a little below the luted stone cover, with 
a sampling arrangement ii(;ar the ground, for testing the gases 
before they enter the flue to the chimney. 

simple arrangement for flusliing tlu! towcir, and one that 
is still much in use, is that of the tumbling trough. This is 
composiHl of a long trough, the full length of the tower top, 
))lae( 5 (l in a central position, and divided in the centn* longitu¬ 
dinally, forming a V-shajK’d trough on either sid(' of this central 
divisKin. Till' iMids are iiivoted, and the action is that the water, 
running on to one side of tlie central division, fills that side 
with water until it overcomes the equilibrium of the empty side, 
when Die trough falls over and discharges its contents over the 
to]) of the tower. Tlie otlu'r division is now filled up until such 
time as its weight reversi's tlu’ action, the water supply being 
j’(‘gulal('d by tlie Lap feeding tlx' trougli. 

T\iv, water cistern at the loj) of the tower is similar in eon- 
sti-iielioii lo those desiTilied in oilier sections. 

I'hg 'll shows a small plant by Messrs Doiilton iV (’o . Ltd., 
of Tj;uiili(“lh, for the eoiuh'iisation of the hydrochloric acid driven 
oil 111 the salt-cake furnaces. Tlie gas from the jian and muf'llo 
ari“ takt'ii through separate lire-clay pi])(‘-imes to small tar-boiled 
stone coiuums. in which considerable cooling is eHocted, the 
tempei'aturi’ of (Ik* gases on leaving tlie furnac(!s being much 
h)o high to jiermil of their being taken directly into the stone¬ 
ware v(‘ssel 

'J’he gases pass llirough tin* receiver, batteries, and staudpqics, 
to absorption tow'ers of lai-ge capacity, which are ultimately 
connecti'd to the chimney flues. 

Tlie tow'ci s are fed with water, wdiich flows from the bottom 
of the tow’er to the receiver batteries, flowing from vessel to 
vessel through sliort glass tubes connecting the inlets made in 
■the receiver for that purposi*. These inlets being placed about 
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the middle of each, the receivers hold a lar^^e quantity of acid, 
exposing a considerable surface for absorption, and the acid and 



Fill. 27.—Small-Kciilc H.Ndi'Ociilonc Acid Plant. 


j>as(‘s tnivt'lliiig in <>})i>osit(* directions, tli(’aeid gradually increases 
in strongtli in its progress Ihroiigh Ihe liatienes. 





CHAPa'li’Ji vn. 

NITRIC A(!|l) PLANT. 

In tlio nitric ncid plant the chii^f Rjatnre is, of course, the stills, 
lu many cases a house is devoted entirely to these, and this 
is especially the cas(i in works desif^nod for the manufacture of 
explosives. 

A plant on the Valentiner system is illustrated in Plate 
VII. The stills, as will be seen, form a battery of six. In thin 
case the still itself consists of two parts; the cast-iron body, 
or receptacle, being made in one part and the cov(?r foi’iniJig a 
separate jiortion. 

Provision is made on the floor level for running out the 
nitre-cake at the end of each operation, and the arrangement 
gciu'ually consists of a cast-iron trough rnniiing the whole length 
of the battery of stills, hut at some distance fi'om tlie still itself, 
as ill this case it is customary to have an independent shute, 
which is operated by an overhead attachment, so that the shute 
can be ])laced underneath the spout of any one of the stills for 
discluu’gmg into the nitre-cake trough. 

Many nitric-acid makers have experienced difliculty m bi'oak- 
ing up the nitre-cake after it has set in the troughs, and to render 
this operation easier the troughs are soinetiines made with a 
raised-up portion or rib, which partly divides the nitre-cake into 
separate cakes (slabs), which are more easy to manipulate. 

We have seen arrangements of this plant, whore the run-off 
troughs have been arranged outside the still-house, and this 
practice has undoubtedly certain advantages, but in any case 
a store is necessary for tlie nitre-cake, as it is not usual to work 
up this by-product on the spot. In the majority of works the 
practice is to store the nitre-cake and sell it to other manu¬ 
facturers who are laid^out to deal with it. 



NITBIC ACID PLANT. 


93 


A quantity of acid drains away from the nitre-cake in the 
store, and it is, therefore, necessary that the store should be con¬ 
structed of acid-resisting material to such a height as storage 
takes place. The floor should be laid with a fall towards a 
gutter leading to a mother-liquor well, from which the acid can 
be pumped up again for further use. 

The still proper generally lasts much longer than the still- 
head or cover, in many cases three of these latter being rtjquired 
before the still itself has to be broken up. In some methods of 
setting the still, the wear and tear on the covers has been lessened 
by allowing the setting to bo continued over the top of the cover, 
thus causing the heat to circulate round the cover as well as the 
still. 

The gases coming from the still-head are passed through a 
woriu wliich is iminors(!(l in a wooden tank with inlet for cold 
water, and provided with overflow. 

The worm that we liave found to last best under ilui trying 
coiulitKins wliich the condensing of nitric acid involve is tliat 
made by Drs. riath and I'lepmeyer. Tli<‘ outlet from tlie coil 
is (connected with a senes of Woulfl’s bottli's, from which the 
finished acid is drawn. 

The store for nitriit(' should he situated in close proximity 
to the nitric-acid stills, hut it should he so separate 1 as to ])reveDt 
any risk of fire, as it is wtdl-known that niti’ak* is very inllam- 
mable, so mucli so that in military explosives works great atten¬ 
tion IS given to the construction of the ventilating an’ahgements 
to sucli a house as to render it almost impossible for any spark to 
reacli thc' ston!. In our own experience we have found it quite 
sutficient to keep the house separated from any building in which 
direct firing is used, and to so arrange* it that a supplementary 
supply of nitrate from the store can lie kept on a level with the 
top of the stills, so that it can be readily fed into them. 

Tl.r icid s< ore-tank for supplying the stills is best situated 
on a slightly higher level on this floor, so that the supply pipe 
leading from it to the stills has a sufficient fall to allow the acid 
to run readily into tliein. This tank should be of such dimensions 
and with such an arrangement for measuring the depth of acid, 
that the supply to the stills can bo easily controlled. A very 
ordinary and simple method of measurement is by suspending 
strips of lead into the cistern, marks on the lead showing the 
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depths corresponding,^ to certain (jnantiti(‘s of acid contained in 
the' tank. 

In conne(;tion with the VaUintiner pro(tess the arranjrement 
for tiu! pumps to maintain tlic vaounin ie<|uiros s]>ecial attention. 
'I’liesi' pumps should always be arranged in duplicate;, si) that 
should on<‘ hri'ak down no sto]»pa"c of the plant occurs, and in 
planning tlie arranj^cment of ])]])es this requires a {^^ood deal of 
attention. This system of ]>i])es is fi-eipumtly conni;(;t(;il with a 




battery of condonsnij; pipes, of whiidi Guttmann’s Is oik* of tin- 
best forms. The pipes comjirisin^' the batteries are of special 
j^lazi'd earthenware, and an- jilaced in tanks consti’ucted of 
timber with i;onnections for circulating the cooling water. 

We cannot emphasize too strongly tlu; necessity for using 
the very best rubber in the valves of pumps used in conmetion 
with this plant, as in actual (-x^ieriencc we have had coiisideralile 
trouble where inferior ruhlxu- has been used. 
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The pumps should lx; of ample capacity, and where electricity 
is the motive }x»wer they can be belt-driven or coupled direct to- 
the motor. 



In planning the nitrate house, care should be taken that it 
shall occupy a very dry jwKitiou, as nitrate very readily absorba 
moisture. The nitrate is generally delivered in bags, and where 
use is not made of the bags, these are stored, and washed in 
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warm water, the washiugs being evaporated and the nitrate 
■crystallized out. As the pressure of the nitrate against the walls 
■of the house is very considerable, this must be taken into account 
when proportioning the thickness of the walls, the same remark 
applying to the walls of the nitre-cake store. 

Ill connection with the; mother-liquor well, an acid egg is 
pi-obably the handi(‘st means of raising the acid to supply tanks 
for further use. 

Fig. 2H sliows a small nitric acid plant by Messrs. Doulton 
•& Co., of Lambeth. The illustration represents an ordinary 
plant for two small cylinder stills. The number of receivers is 
adjusted to tlui daily oiit])nt of the still, the use of the condensing 
worms b(!mg ojitional. A wash-tower, suitably packed with 
coke, or witli stoneware balls or iniigs, may be connected to 
8(‘veral batteru's, to effoid the* Anal coinlensation of the gases. 

Tbo apparatus shown in Fig. '29 rc))resent8 a plant by Messrs. 
Doulton A C^)., for an output of about 1 ton of mtrie. acid 
tper day. 'J’he plant includes several iinjn’ovoments in detail, 
the capacity of tlie ]*eC(‘ivers being supplemcnt(!<l by long stanil- 
pipes to a common collecting jai', in which tin? acid of all the 
receivers and the worm is mixed, and the receivers lieiiig kept 
■emi>ty, their full condinising power is utilised. An end towi'r, 
pack(‘d with coke or hollow stoneware pieces, is providi'd to 
wash tlu' exit gases. 



CHAPTER VIII. 

ON HIOH EXPLOSIVES PLANT. 

In touching on high explosives, reference is made mainly to 
those in which nitro-glycciriue compounds play the most impor* 
tant part. 

The chief features of a high explosives factory may be 
divided into thnie groupings: (1) tlio group comprising the acid 
manufacture : sulphuric acid, if this is made on the spot instead 
of being purchased, and nitric acid, this latter dealing also with 
the mixed acids and the concentration of the weak sulphuric 
acid ; (‘2) preparing the gun-cotton, and nitrating, washing, pulp¬ 
ing and drying, bringing tin* product to the stage of gun-cotton; 
and (d), the manufacture of iiitro-glycerine and incorporating 
with the gun-cotton io fonn cordite. 

In th(! manufacturt! of vitriol for us<> in the production of 
high ex])loHiv(‘s, an acid practically free from arsenic is recjuired, 
and the acid is usually made from sulphur, requiring a different 
fonn of burner to that descrilied for the manufacture of sulphuric 
acid from pyrites, but the chamhers are practically the same, 
and therefore do not require further description here. 

We liave already described the plant for the manufacture of 
nitric acid for general use, but with regard to its manufacture 
ridative to (‘xplosives, the dealing with the waste acids returned 
from the nitro-glyceriue department, and also the mixing of the 
acids for the nitrating department, necessitate considerable ad¬ 
ditions to Llie acid plant. Concentration plant is also necessary 
for bringing up the weak sulphuric acid to the requisite strength 
for re-use. The plant most recently adopted for concentration, 
especially in connection with explosive.s manufacture, is that of 
Kessler, wliich is now well known. 

The mixing of the acids is all performed by compressed air, 
this being also used for conveying the acids to the nitrating 
department and also to the nitro-glycerine department. 
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Gun-Cotton .—Dealing with the gun-cotton department, the 
iirst process is that of opening the cotton waste and picking it, 
after which it is passed through a ‘‘ devil '* or breaking machine. 
On leaving the breaker, it is further hand-picked, to free it from 
all impurities and dirt, and then placed in a drying stove, which 
is usually steam-heated to the required temperature. A weighing 
machine is provided here, for weighing the different charges 
given out to the workmen for nitrating, and the cotton after 
being dried in the stoves is placed in air-tight tins preparatory 
to use, in order to prevent the absorption of moisture from the 
atmosphere. 

The nitrating or “ dipping ” house usually adjoins the cotton¬ 
drying department, the cotton being passed through apertures 
in the wall dividing the two sections. In the dipping house, 
each workman has an acid tank for dipping the dried cotton, 
immediately it is received from the drying house. A hood ex¬ 
tends over these tanks and is provided with a fan-shaft, to take 
away the fumes which emanate from the tanks during the 
dipping process. Immediately on dipping the cotton, the 
workman squeezes it as free as possible from acid by specially 
made hand squeezers, and places the nitrated cotton in earthen¬ 
ware vessels provided with lids. On having worked a charge of 
these in the pots ranged at the back of the man, he then 
takes them to the cooling troughs which extend lengthwise 
of the house, and which arc kept filled to a depth almost equal 
to the depth of the earthenware pot with cold water. 

The roof over the dipping house should be provided with a 
louvre. Great care must be taken that the louvres are sulliciently 
deep to prevent rain being driven in, as in the event of any of the 
pots being uncovered and water dropping on the contents, these 
would immediately take fire. 

The nitrated cotton, after remaining for the correct length 
of time in the earthenware jars in the cooling pits, is conveyed 
to a centrifugal, where the contents are quickly emptied into 
the basket of the machine and covered with a special lid. The 
bulk of the nitric acid still remaining in the cotton is thus ex¬ 
pelled, the acid running away to an egg, from which it can 
be returned to the nitric acid department, and the cotton is at 
once plunged into tanks of water, these tanks being constructed 



N0TI5S ON HIOH EXPLOSIVKS PU\5lT. 


99 


in like manner to other acid tanks, that is, with timber frame* 
work, and are lead-lined. 

This preliminary washing of the nitrated cotton has to be 
done quickly, otluTwise it would take fire. It is not an infre¬ 
quent occurrence for a C(mtrifugal of the nitrated cotton to ignite, 
and even when this does not happen, considerable fumes are 
given off from the centrifugal during the; operation of “whizz¬ 
ing,” and a cowl, with fan attached for carrying away the fumes, 
is also iKicessary here. After washing in the lead-lined vats, the 
cotton is again placed in centrifugals, and on leaving those it is 
carried to the; boiling department. 

Th(* boiling fs performed in large wooden vats, having a false 
bottom, and fitted with perforat{3d steam pipes underneath the 
false bottom. As the vats are usually made from nine to ten 
feet deep, the working floor is generally raised in the form of an 
open woodwork grid, tlie level of which is placed at from H feet 6 
inch(!s to 4 feet from the top of the vats. Here, again, the 
nature of tlie process requires a well-ventilated house, and the 
louvre type of roof is admirably adapted for this purpose. The 
vats most commonly in use are made of Scotch fir, and generally 
tajKir in the same way as brewers’ vats, so that th(5 diameter at 
the top is about a foot less than at the bottom. The false 
bottom already mentioned is placed about T 2 inches from 
the bottom of the vat, and is usually pierced with circular holes, 
and IS so arranged that it can be removed to give access to the 
perforated steam pipe placed underneath it. The vats are 
generally made of 2-inch timber, and are circular in shape, 
lioiind round with iron bands at suitable distances in the height. 
In some cascjs, oak vats are preferred, but the cost of these is 
greater, and as their life is not much longer than those of good 
Scotch fir, they are placed at a disadvantage in comparison with 
the latter, in this respect. 

The iie.M proc»!S8 after boiling the nitrated cotton is that of 
pulping. After running the water away from the vats, the 
cotton is passed into the beater house, wliere a thorough pulp¬ 
ing takes placi!. 

From the beaters the pulp runs away by means of troughs 
to the centrifugals, where it is once more dried, and is ready for 
taking to the wet stores, whence it is given out for finishing off 
in the drying stoves. 
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This brief description completes the gun-cotton process. In 
the manufacture of cordite, as previously mentioned, nitro¬ 
glycerine and gun-cotton form the chief ingredients. As regards 
the actual manufacture of the nitro-glyccrine, this takes place in 
a house which is commonly known in works of this kind as the? 
nitro-glvcerinc hill. In common with most other buildings in 
an explosives factory, this house is constructed of timl)er, and, as 
far as is consistent with stnuigth, is as light as possible, especially 
as regards the roof and sides. The apparatus used varies in 
design, but tfie chief feature is the mixing vessel, which is usually 
made of lead, with observation glasses on the cover, while inside 
it is fitt(‘d with cooling coils through which waUu- circulates, to 
keep the contents at a given temperature. The mixing of the 
acids and glyc^erinc is done by means of comprc'ssed air. The 
refrigerating j)lant supplying the cold watcT, and also the air 
compressors, are contained in a building at a stipulated distance 
from the nitro-glycerme lull, acieordingto the regulations apper¬ 
taining to explosives factories. 

(/KNTKlKlKtADS Poll (JrN-C’OTTO.N'. 

The machine's shown in Pigs. 80 and 81 liavi* b«'en spcxually 
designed by Messrs. Pott. Cassels & Williamson, of Motherwell, 



Fig. so.—Machiuc for Drying Gun-ootton. 
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Scotland, lor (Iryinj^ gun-cotton after being treated with nitric 
acid. The baskets ar<^ made of wrought iron witli specially 
rounded covers so as to facilitate the removal of the gun-cotton. 
The outer cases are made of cast iron so as to withstand the 
action of the acid, and are strengtlicued outside with a steed 
case. I’he machines are lilted with hinged or lifting covers, 
and with vent ]upcs coniu'cted with a steam j<!t or fan to carry 
away the acid fumes. 

Fig. d’J IS u special machiiu! desigiuid foj- nitrating tlie gun¬ 
cotton and drying it in oiu' operation, llius doing away with 
handling the gun-cotton from the nitrating tank to the centrif¬ 
ugal. 'rh<“ b.i'^ket IS iiiad(! solid, that is, not piTforated. The 
cotloii IS put into I he basket, which is th<‘n tilled up to the 



flanged lip witli nitric acid. Aft(“r being well soaked, the machine 
is started and the surplus acid is discharg<id through the o]ieii- 
ing or slit between the Hanged lip and the cover of the basket. 

In the ap])arattis shown in Fig. by Doulton A: Co., Ltd., 
the mixed Avaste acids from tlie manufacture of gun-cotton, etc., 
are separated, and the nitric acid condensed. The mixed acids 
are run into the first c<ihmin, which is packed with (piartz or 
other suitable filling, and separation of the sulphuric and nitric 
acids is' effei^ted liy the injection of steam. The dilute sulphuric 
acid runs off at the bottom into a cooler, and is subseijuently re¬ 
concentrated for further use, while the nitnc acid vapour is 
condensed in the receiver battery shown. The weak acid can 
be circulated in the towei-s until strong enough to be of use. 
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Aib Compbessors. 

Compressed air is daily finding a more extended use in 
chemical works, and in all manufacturing operations of a 



i'm. 34.—The “Sentinel” Compouinl interfiooling Air ComprcHBor. 


chemical nature. Chemical and explosives works in particular 
often extend over considerable areas, about which are placed 
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small engines and pumps. In explosives works it is not advis¬ 
able to use electric motors, and in many chemical works the 
acid vaponrs would render the upkeep of the conductors and 
the electric plant generally an expcHsiv{; and troublesome mat¬ 
ter. Over such largo areas the' coiid<'nsation of steam and th(5 
upkeep of the water-logg«-d steam pipes is very wasteful, and in 
such works compr<‘ss<‘(l air is capabk'of (illocting considerable 



Fid. “ Sci’tinel ■’ Air Comuressor (Sectiotial View), liy Alley A MscLellau, Ltd.. 


economics, ll may bo and is used very advantageously for driving 
isolated engines, pumps, and hoists; for blowing, elevating, and 
agitating li(|Uors; and for various special purposes. Acids can 
be moved about without dilution, anil without coming into con¬ 
tact with anything but the piping, whili; a compressed air supply 
is of course necessary in oxidizing processes. 

Figs. 84 and 85 show a “ Sentinel ” compound intercool- 







Fid. 3G.—“ Sentinel” Steam-driven C.jiin>ound Inlorcooling Air CompreBBor 
sin^le-lmo maohme, by Alley & MacLcUan, Ltd. 

This is a very powerful installation ; but smaller units of plant 
are equally efficient. 

Many air compressors are ver^’ wasteful of power, but this is 


Fio. S7. *' Sontinfl ’’ Singlc-StaKe Air Comiiressor, by Alloy & MacTiellan, Ltd. 


tee that no more steam sliould lie used for the larger output. 
This machine cost the buyers £12(10, and saved its entire cost in 
fifteen months. 

Fig. 36 shows the “ Sentinel ’’ steam-driven compound inter- 
cooling air compressor~single-line machine with simple steam 
cylinder. These machines arc made with one, two, and three 
lines of parts, with simple and compound steam cylinders, all 
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having? air cojiipound cylindei-s Oftcii with ii)t<TcooJfirs. The 
illustration shows the cylinders and then- <>(*ar in section. 

Fij?. .‘57 shows a “ S(‘ntinel ” Ringle-sta.f'e compressor, for 
working j>r<'ssnr(js to 00 II). pers<inarc inch. Tliis Jiiachino is ar¬ 
ranged to discharge air at the working pressuri' from both above 
and below the trunk piston head. No intercooler is retjuired. 

7’he “ Sentinel Junior single-stage compressor, shown in 



j'’iu. as.- “SfJitiiiel .Innioi " Siii«W-.Stiif;f An Cfnnprc^Kor. by Alley A' 
MhcIjc-IUii, Ll<l. 

Fig. ;{K, will be found convenient wIhto only a small amount 
of comprossiid air is reijuired, or where compressed air is not 
constantly used, or for low-prossun* work. Under such condi¬ 
tions the saving in power by using compound intercooling would 
not justify the I'xtra expendituri', and in the case of low-power 
this type of conijiressor is quite as economical. 














CUlArTKK IX. 

srLVHATK OK AMMONIA PLANT. 

A(;ain the vitriol chambers fjj^ure promiiuintl,^ in the nmnu- 
facture of sulphate. The question of erectinjj their own sul¬ 
phuric acid plant is one that has received much attention during 
r<!cent years on the part of lar^e niakei-s of this product, 
such as gas works and cor))oi-ations. us also in connection with 
recovery plant for dealing with th(‘ by-products from cok(' ovens. 

In the (^ase of gas works, it has been tlie custom to deal with 
the gas liquor on the s))ot, treating the gas liquors for the re¬ 
covery of ammcmia as sulphate, and disposing of the tar to the 
tar-distill<‘r for suhstnpient ireatm<‘nt, as lh(j separation of the 
ammoniacal Uc|Uor from the tar is rc'adily (dfected at the gas 
works. 

In the smalb’r gas works dealing with the liquor produced 
from the carbonization of moderate quantities of coal, the method 
of operation is gem'rally as follows. 

'Phi' li(]nor IS subjected to distillation by means of steam in 
a column still. The jdant consists of the following parts. 
Starting from tlu' store tank, which is oftni placed underground, 
and of concrete or brick cement-lined construction, the liquor 
is raised to an over-head supply tank of cast or wrought iron, 
pbu;ed sufticientiy high to be well abewe the stills. Between 
tile supply tank and the still it is customary to place a smaller 
regulating cistern, which can bit easily adjusted to the capacity 
of the sti.i. 

TJie. Still .—Many forms of still are in use, some of which 
are hotter suitcid for de^aling with a weak liquor than others, but 
the typo most geiuu-ally employed in gas works, where the 
strength of the liquor is usually equal to H ounce, are more or loss 
of the Coffee pattern, which consists of a cylindrical column of 
cast iron, built up of segments forming trays. The liquor, 
entering at the top of the still, finds its way from tray to tray, 
(109) 
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until finally it Hows out from the bottom negment, free from 
ammonia. 

Id some patterns the still combines three portions: an upper 
series of trays; a central portion; and a lower series of trays. 
In the c(;ntrai portion, which is usually equal to the combined 
depth of the upj)er trays, lime in the form of a milk is admitted, 
and in the lowest s(5gmcnt of the lower series steam is admitted, 
the steam finding its way up the still through a series of openiiigs 
in the trays, these openings l.>eing covered with a cap forming 
a lute. The steam bubbles through the liquor, and ultimately 
finds its exit from a pip(5 in the top part of the still, known as 
the still-head. 

The pipes conveying the liquor from tray to tray stand up’ 
above the liquor in the one tray, the Iow(!r portion of the pipe 
projecting through the tray into the tray immediately underiusath 
it, and dipping into the liquor m that tray to form a seal. In 
this way none of thti ammonia gas liberated by the steam can 
escape through these dip-pipes, but is forced to bubble its way 
through the liquor through the serrations in the cap placed over 
the gas inlet of each tray. 

The free ammonia is set at liberty by the steam in the upper 
trays, and the liming chamber is introdnccnl to supply the lower 
trays with milk of lime for the purpose of liberating the re¬ 
mainder of the ammonia (which is present in the liquor in the 
fixed condition) as it flows through th(‘ series of lower trays. 

In many eases the liquor as it leaves the still with a large 
amount of lime in suspension is run away into settling tanks, 
hut sometimes, before doing so, advantage is taken of running 
it through a series of pipes, or a coil placed in a tank in which 
the water for the milk of lime pans can be heated before being 
fe<l into the liming chamber. Ilefore the crude liquor enters the 
still, it is heated by means of the waste heat coming away from 
another portion of the plant known as the saturator, which 
will be described later. The gases from the saturator are passed 
through an apparatus known as a heater, of which, again, there 
are many fonns. In some cases the heater takes a similar form 
to the still, the difference being that the gases from the saturator 
enter the lower chamber, from which a series of pipes pass 
through a centre chamber and terminate in an upper shallow 
chamber. The gases pass up the pipes and away from an exit 
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pipe from the upper part of the chainl)er, and the liquor from 
theregulatinf,' tank flows into the twiddle chamber surrounding 
the pipes through which the hftt gases pass, thus heating the 
liquor before it enters the still. 

The Saturator .—The saturator is a Icad-Hued vessel divided 
into two portions, in one of which the gases from the still enter 
through a continuation pipe from the stilbhead to tlie bottom of 
th(> saturator, and ending in a branch pipe perforated with a 
number of lioles. The other portion of the saturator is open at 
the top fsee illustrations, Figs. 39, 40, 41 and 42).- The covered 
part'of the saturator hasanotiier ])ipe, already referred to as lead¬ 
ing the hot gases generah^d in the absorption of the ammonia, 
‘to the heater. The saturator mentioned is the cheapest form,, 
where hand-fishing of the sulphate is adopted, but even where 
hand-fishing is still in use, if the initial expensti is not a serioua 
consideration, we strongly recoiniucnd the solid lead saturator 
which is to be found in more modern works, as the life of this 
is far greater, and ther<* is very little risk of leakage, which is 
more likely to occur with a timber lead-lined vessel. We have 
seen many of tliese solid l(;ad saturators in use, and the accom¬ 
panying illustrations show on(j of thisse, as made by Messrs. 
Joseph Taylor and Co., of Bolton, who have made a speciality 
of this class of work. 

The lead used in the building of the plate-lead saturatora 
illustrated is manufactur(;d by Messrs. Holman Michell & Co., 
of St. Helens, Lancs., who are well-known by reason of their 
long and successful specializing in the production of “chemical 
lead for this purpose and also for vitriol chamber construction, 
etc. Messrs. Holman Michell Co.’s lead-rolling mill is one 
of the largest and best equipped in existence, and in it the lead 
plates for the construction ot the saturators (whicli are made 
up by Messrs. Joseph Taylor & Co.) are made. The ingot lead 
used is Irom ihe finest ores, desilverized by the Pattinsonian 
process, and after melting down and again refining the metal 
is run off into a block 9 feet by H fce.t by about () inches deep, 
and weighing about 10 tons. This block, when somewhat 
cooled, is lifted and run under the rollers of the mil) until re¬ 
duced to th(> desired thickness, and can then be cut into the re¬ 
quired sizes. From a block of this size plates 8 feet or 9 feet 
wide can be rolled, or thinner sheets of 40 feet in length can be 
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obtained. The safenrafcors must be made up with a miniinura 
of .seamH, and this hurnin^j is done by a special process, 
seams which are cicjari, soJid, and dense throu/rhout. 

In the working up of amnioniacal liquor, the quality of the 
leadwork, and particularly the saturator, is most important. 
In dealing with boiling sulphuric acid (and sulphate of ammonia 
cannot ha successfully produced without a good boil in the 
saturator) only lead of the very best <juality is admissible, as, 



Fid. SU.—Sulphate of Aiiimoum Satiiratoi, h^' •lo'^ppli Tavlor A Co. 

apart from the loss susttimed througli It'akages, tliere is the 
subsequent uplifting of floors and foundations, and cracking of 
buildings dui' to the great expansivi' nature of the leaking liquor, 
when this has once pei-meated the floor and surroundings. 

Saturators in coke-oven and blast-furnace plants are on the 
boil year in and year out, boiling continually, so that the ques¬ 
tion of constructing a saturator which will keej) its shape, apart 
from its lightness and effectiveness, is a most important one. 
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Fig. 40 shows a saturator, sulphate drainer, and sulphate store 
at the Leigh Gas Works, Lancs. In Fig. 39 a solid plate lead 
saturator such as described above is illustrated, being fitted with 
double detachable amirionia pipes, man-hole and lid, waste gas 
pipe, detachable steam pipe;, and detachable acid ])ipe. Fig. 4‘2 
shows an overhead view of a ^ inch plate-lead saturator worked 
from on(‘ plate, with one seam only, while l^’ig. 41 shows a 
saturator fitted with well for Wilton’s discharger. 

Milk of TAmc .—There are various forms of apparatus for 
mixing up thi' milk of iim(*, such as the circulai*agitated milk 



|••|<l. -H). -Solphiilf Siilumtoi, OminiT, imd store. 


of lime pans used in alkali works, or the very neat liming ap- 
(laratus in wliidi a stiiani jcl is used, as made liy Messrs. 
Meldruiii Bros oi Manchester. 

MimUaiirmi!,.- A.]mrt trcim this plant, there, is the auid supply 
tank, water sup|ily, and iu()thiir-lii;u(ir well, whieh roeeives its 
sup()l,v from the li(]n»r ilrainiii}' away from the sulphate after it 
has been iislied triini the saturator by means of a perforated 
snoop and deposited on the draining table, which is eennrally 
situated to the left liand of tlie sulphate maker. 

AdjoinmK the saturator is the siilpliati' store, and after 
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tfic preliminary draining of the sulphate on the draining table 
adjoining the saturator, this is generally thrown from the 
draining table on to the grid of the sulphate store, whicii is con¬ 
structed with H gradual in(di!iation towards a gutter draining 



Kiii. 41.—Snlphale Satunitor with Well for Wiltoii'a Disohaiifer. 

into the mother-lkjuor well, 'rhe liquor from the mother-liquor 
well IS UB(^d again in the saturator, being raised by an injector 
placed m a suitable position to be operated by a man while stand¬ 
ing over the salurator. 
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Hand-fifibing as describnl ab()V(‘ only applies to plants deal¬ 
ing with coinpariitively small quantities of liquor. Tii larger 



Fki. 42.—Vi«*w ol SoUd Plate-load SaHimtor. 


plants it IB customary to dispense with hand fishing, the sulphate 
being lifted mechanically from the saturator and deposited in 
centrifugals witli a hottoin discharge. 






OHA.PTKK X 

NOTKS ON ARTIFlOl.VIi MANURK PLANT 

In an artlfic^^l iiiaimrr works, in an alkali works, onr of the 
chief foaturos of tlio plant IS tlie acid (tliamiiers In a manure 
works, howt'ver, it is usuai to have a inncli deeper upstand, as 
the acid is not drawn otT in the sameijiiantitv a!! the vear rouinl 
as in an alkali works. It is a eomninn practice to allow tlie 
acid ti> accmnulate until a considerable deplli is reached in the 
ehamliors. and in this way to lorm a store for the Imsicsi jiarl (»f 
the season, which is jfenerall\ the aiitiiini), to iuak(‘ bn the 
sprine. 

In the casi* ol vitn<d chainhers for maniiu' wurksj il is not 
□noommon for tlii' iipstands to lie made of as oreal a depth as 
.'I feet, (’onseijiiently, the (tons!,ruction as re;>ards tlie lower 
portions of the strintture, platforms, and eolmnns luust he jiro- 
portionatelv stroiif^er, in view of the additional weight ol a<tul. 

Tiunu-rti.~\.n in many alkali works, the Imrners may be 
placed under the (tliamhers, or. as w'e have settn in some works, 
th(5y may lx* plac(‘d alonj'sidc' tiie chainhers, the space under lh(‘ 
ehamhers heinjf utilized for aitcommodatiue the stonioe Inns for 
the manure. 

Mamirfi Dem.--lu close (tounectimi with the ehamhers are 
the manure dens Several dcsij^ns for tliese have come unditr 
our notice. In some cases the dens are lunlt of comparatively 
small dimensions, and ilie mixer is placed in a central position 
abov(‘ tliesi' dens, witli .troujihs from tlie outlet wlncii can he 
moved to a central ajterturo. so as to fi'isl into any one ol say a 
ffrou]) of four dens, but we are rather in favour of the adoption 
of a lar^rer d(m, with the mixer placed m the central position, 
and built m a ^»roup. Plate IX shows a good arrangement of 
dens, mixers, etc. 

Mixm .—There are several forms of nu.xer on the market, all 
of which have certain merits, which are perhaps embodied in the 
(\Uh 
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one miult* by Mtissr^i. Pratchitt Dros. of Carlisle, and a^ain that 
of Messrs, N4'weil of Newark. The mixer by I’ratchitt Hros. 
is circular in sha])e, witli a drop hottom, whil(‘ the one by 
Ni'wells is a horizontal mixer and has its ilischarKe at oik* 
end 

ft will at once he afipareiil llial in tlie first imithod ri’fe.rred 
to. of discharging from one mixer into several hms, the mixi'r 
would r<‘'iuire to he placed at a sulHcient height to give a neces¬ 
sary slojH* to tile inelmed sliule'^ ml.o the hins hn* tlie mixture 
to fall by gravity, hut where the mixer is plac<‘d ov4’r the centre 
of a di'M no shnto is reipnred, as the manure, as it falls into the 
d(‘u. will find its own levi-l In a den say “20 fa*! by 20 feet 
synart*. it is neeessiirx to draw off tin* gases evolved during the 
heating of the manure alter being deposited in tlx* den. These 
gases must be allowed to eseape freely to a eentral .shaft con- 
nect(‘tl with a condi using tower, tlu* exit gases from this con¬ 
densing tower again m turn liemg eonneeled with the main flue 
to llie chimuev 

1’he tjpeniug tii tlx* dens is toriued by a heavy movable 
door, I'Ul in main cases the deii is closed by making it up with 
battens, which rest m a gmovc left between the girders which 
span the opening, and a similar groovi* at the ground level. 
These battens an* slid along, and a cross-board is dropped m 
supports ])roviilcd ioi tlmt purpose at I'ltlier side of tlx* opening, 
thus forming a lirm rcsistanec to the manure within the deu. 
In tins latter ease llx- boartls shoiihl be roughly luted up with 
a daub of “ blaek st iiff ’. 

'Fix* l)reak(*is or disinti'grators are generally plac.t*<l close to 
the di'iis. so that as the nxinuri* is brouglit out ol on(‘den it ean 
be c,itiive\.<-(l readily to a disiiitt'grator, which breaks it up and 
deliser-. U on to a rough cirenlar sn‘\e, wliieli passt's on the 
line manure to hr dealt with by further mixture and sieving, 
wink* th -'mips mus that have not*pass<*il thnmgh the sieve 
an; returned by a shute. to lx* a.gam passed through the disinte¬ 
grator. 

We have* not so iar sjioken oi tlu* storage ol th<* raw ma¬ 
terials, sueli as otfiil. shoddy, bones, phosphates, ete., used in 
the mixing. The store's for these materials should be so arranged 
as to admit, ol reaily unloading, and should be next to the 
grinding department, wlx-re the ingr<*dients are dealt with previ- 
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ous to (’l('vate<l to the store bins over the mixers and 

laamire dcjiis. 

Tn connectiori witli tlie packinj; department we must take 
into account the spfujf retpiired for stormo sacks, ha'^gin^, etc., 
and in the actual wf>rk ot )),wking, the sack-holding aiTangement 
of Mr Uichard Simon of Noltingliam a very useful contriv¬ 
ance as a lahour-savmg devuv. 
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NOTKS ON (JKNKRAL IMiANT. 

A(;ii) Klkvatoijs. 

Thk (>ld-fashi(»ued acid is still employed in many vitriol 
works I'or tin* purpose ol raisin^ acids from the ground level to 
the tops of the various towers of the plant, Imt of recent years 
the employmenl of automatic acid elevators lias become very 
general, and in designmg an up-to-date plant their adoption is 
almost a matlin' of course 

Kestm*r'K eli'vator for Huljdiunc acid is shown in Fig. 4H. 
It consists of a cast-iron liody, Ji (lined with lead if weak acids 
are to he dealt with;: a li'ad-limHl vertical sland-pijxj, 1’; air dis- 
trihiitmg box, 1); lead floats, X Y: lead-r:oated steel rod, c; 
deliviiry pi})e. T,; feed })i]K5. ; regnlus metal check valve, M ; 

and comjiressed air ]d])e, 'I’;,. It is necessary that the apparatus 
should be lixed vertically, and the acid in the pipe must not rise 
higher that the levid G — -F. In working, the acid enters the 
body of the (‘levator l»y the teed pipe, fills up the vessel, and 
raises tlM‘ float, which acts ujion a valve in tlie air-distributing 
box. Wlien undiir air pressure, the ludd rises through the 
delivery pi^K^, and when th(‘ vc'ssel is emptied the air is cut off 
and esca|X!s from tlie v<‘Hsel, wliich again fills. The float again 
ris(‘s, comju'Hbsed air is admitted, and the operation is repeated. 

This elevator is largidy usiid, not only in vitriol works, but in 
conn(v(;on with explosives plants, and all factories where acid is 
reijuirod to be raiscHl In slightly modified forms it can b(^ used 
for hydrocliioric acid and nitnc acid, or for lujuids containing 
chlorine. 

Fig. 44 shows the Ivestner ebwator for hydrochloric acid. 
The parts ar<; as hdlows: B, sluset-iron body, lined with ebonite; 
T, ebonite-lined stand-pipe; I>, distribution l)ox; X i’, ebonite 
float; 0, steel rod coated with ebonite; Tj, discharge pipe; T.^, 



. 4:$. r,k-\ft(,or fur Snlphurii* AokJ. 











GKNBRAL PLANT. 


121 


feed pipe; M, ball check valve. 

The line G- V' shows the 

highest level allowable for acid 
m the feed cistern. This ele¬ 
vator is simple and steady in 
working, and it has heen very 
ginerally adopted. 

Fig. 45 sliows a cheaper 
form of Ki^stner’s (slevator for 
hydrochloric ae.id, ac(*tie a(nd, 
and acid liquors generally. Jt 
IS work(‘d with less head of 
feed. Made of earthenware, 
it is tested to a jiri'ssun! t>f 
75 lb. before being H<5nl out 
by the makers. 

The parts ol tlie apparatus 
are as follows: }j, shmewan* 
cxlindrical body; T, stand¬ 
pipe . 1), air distribution box ; 
X, ('bomte float. M. india- 
rubber ball valve; Ti, delivery 
])ipe ; I'm. feed ])ijM‘: G— H, 
Ingluist levi'l ol acid in h'cd 
cisl^'rn. 

Fig. 4() shows an earthen¬ 
ware elevator, also made by 
"Mi'ssrs. K<“Stner, for raising 
mine acid. Tins elevator lias 
]>een adoj>t<‘d by the iiriiicipal 
e.xplosive fa(;tori<!S. and in 
many ol the (lovernmi'iit 
powdi I \orks both a1 home 
and abroad. It is a most r«'- 
hable elevator, and all parls 
in contact with the iu*id arc 
of earthenware. 

I’ho elevator is limit up as 



follows : B, stoiU'WaiH' cylin- Pij,, 44._KeBtnt;r’H Elevator for llydro- 
dricid body ; 'V, stoneware chloric Aoid. 
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sland-pijM*; 1), stonewall distribution box ; M, stonewai’e check 
viLlv<'; T.j, acid food pipe ; T,, acid discharg<’ pipe; K, stoneware 
teed cistern; S, syphon: A. Iced reservoir; T;,, compressed air 
supply pipe: stoneware delivery cistern. 

Tt often hapiHins tliat acids have to lx* elevated to a point 
situated at a lieiglit siipiTi'or tti the oii<‘ corresponding to the 
pressure of compressed air used; it is tlien either necessary to 
chang<* the compressor, or to raise the acid in two stages: that 
IS. with a stand at half-lu'ight. M. K<-stn(‘r applies emulsion to 
lighten Uh' delivery e.oluinn, and tins by simply piercing a small 
hole in the part of the delivering pi[»‘ which is contained in the 
('h'vator. l^art of the compressed air esca})es by this hole directly 
through the delivering in which it forms th(' Pohl(‘*s bulb 
chain for casing Iht* delivery. 

'I’liis arrangement admits of the height of (lay-fjussac towers 
m a vitriol works being iiuTeased without raising the ])ressiire 
of compressed air or working by double stages. 

A very eflective a<iid elevator, mad<' by Paul Schuet/,<’ ('o. 
ol Ogge.rslu'im, (lormaiiy. and supplied by Messrs. Bornett A’ 
(' 0 ., of London, is now being largely used wherever acids or 
other liquors ai (‘ to be raisi'd. 

The mechanism is entirely enclosed, siulhng boxes and 
otluir parts subject to w<‘ar and te:ir b(!mg dis])ens(‘d with. 
When till' supply of liquid ceases, the elevator simply stops work¬ 
ing, and starts of its own accord as soon as tiu' feeding tank begins 
to fill. In the same wav, the elevator stops i1 llu‘ sup})ly of 
compi'cssed air or steam should fail, an<l r<'-sLarls immodiahily 
the requirt'd pressuri' is available. 

'rh(‘S('elevators work with expansion, and llierefore consume 
only sueli quantity of f.ompressed air or steam as corresponds 
to the height of till' lilt. Tin' liighei the pressure ol the com- 
]H(!ssed air a])p)u‘d. the Miiallt'r is the volunn* consiiiin'd. 

The li(jui(l flows l)\ gravilation through a ^•lle('k-valve into 
the eii'vator. Ihiiin^j this }Hinod the dead weiglit ol a double 
float (consisting ol t\\() rigidly eonnede.d balls) acts on a lever 
in such a manner that th<‘ compressed air (or steam) inlet is 
kept closed, whilst tlu* outlet valve is open, allowing the air 
dispimieil Ijy the Iicjuid to I'scajie. "WIk'ij the liquid reaches the 
upper part of the upper ball, the float rises, wbeieby the air 
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outlet is closed, and the air inlet valve opened. The dom- 
pT{58Sod air then preswes upon th(! surface of the liquid, which 
is forced through the delivery pipe. When the surface of the 
liquid reaches tlu' lower ball, the float sinks, closing the air 
inlet valve. Th(“ compressisd air expands until the egg is 
n(5arly emptuui, l)ut. before the air can enter the delivery pipe, 
the air oiithd valve opi'tis, and the cycle of operations is 
repeated. 

No air eKcap<5s through tlie delivery pipe, which need not he 
vertical, hut may he inclined at anv an^le, and may he partly 
horizontal. The pressure of the compressiid air or steam applied 
may vary hetwec'ii lU) and 7(1 ll>s. per square inch without inter¬ 
fering with the ixigiilar working of the apparatus. If retjuired, 
tin' (‘hwator can he constructed m such a manner as to allow 
the pressure of the eoinpressed air to vary within wider limits. 

The eoiirttriution of the float shown allows the specific 
gravity of the liquor to vary hy aliout (iff degrees Tw'., so that an 
el(‘Vatoi' constructed to raise liquor of an av<‘rage spoidfic gravity 
of say ITs”) will coiitinu ' to work as long as the specitie gravity 
d<>eH not fall helow l o and <loes not rise al)Ove I‘H A slight 
modification of the design allows unlimited variation of the 
specific gravity wiUiout interrupting th<“ (xmtinuous working. 

The elevator performs from dO to flh opi'rations per hour, 
acconlmg to the varying cireumstaiKU's. As the (juantity of liquid 
dis<‘.hargod at each operation is always the same, the daily or 
wee.kly output can he controlled hy mi'aiis of a counting ajijiara- 
tU8 which registers th(‘ numlKM- of pulsations. 

These elevators an* construetwl of various materials; for 
sulphuric acid of at least 111) degrees Tw., of plain cast-iron; 
if for Gay-Lussac and Glover-Tower aidd, of cast-inin, partly 
Icail-lined; for cold or moderately w’ann liquors, of cast-iron, 
completely lead-lined; fur hot iKjuors. of wrought iron, homo- 
geucuu ly leaded . for fatty acids, of copper; and for livdrochloric 
and nitric aind, of earthenware m iron casing. 

The following table shows the minmuim pressure of com- 
liressed air or steam required under thi* dili’erent w'orking con¬ 
ditions. The pressure stated leaves an amph* margin for friction 
in the deliv(‘rv pipe and tor sliglit variations of tiie specific 
gravity. 
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MINIMUM PRKS 8 URE IN LBS. IMOH HQ. INCH. 

Height i)t Lilt, 
calculated Irom the 
, liottiim of the elevator 
111 feel 

16 
20 

3(1 
rffi 
Kl 
"1.6 
W) 

(<0 

Till'. h'lL'JKIM'HKSS. 

'J’hc liltcr-prcss iMmo ol the most fainiliar arid hs<‘IuI jm^ces 
oi plaiti to 1'(‘ IoujhI in a eliomical works. As pcrlecftod hy 
A. Tj. <4. Doline, of Halle, Oenuanv. il is iii universal use, 
and, therefore, some detailed deserijition of the eonstrnetion and 
workinj^ of tlu’ various types oi apjiaratus is here ^iven. The 
sole a/^('nts m (ric'at Jhitain foi Dehne's lill(‘r-)iresses ar<' Messrs. 
(• Ihir/eriV Co., ot J''inshQiy Pav<-nn‘n1 House, Tjondon, K.C. 

Kilti'r-presses an* used win'i'ever solids and Injindshavo to be 
se])iirated. 'FIk'N replae.i*. in most i-asi's to t,n'(‘at advanta^^e, all 
other devices for liltration, elimination, or washintj of materials. 
M’he eharaeteristies ot Dehiu's tilter-jiress arc': (1) To jiive tlie 
lart^est possihU' tilterin^f siirfaiu! in the smalb-st possible space. 
(*i) The facility ot forcing’ the li(|ind part of the material through 
the filtering medmiu (cloth) liy the most suitable pressure, from 
a slight gravitation pressure up to 140 lb. per s(|uare inch, or 
(‘Veil higher, (d) 'J'he easy liandling of the press. 

’Fhe filter-jiress consists of a numlM'r of strong corrugated 
iron plati's with a hole in the middle, and the planed margins 
somewhat raised aliove tlie corrugations. The plates are covered 
on both sides with filter-cloth, which is fixed round the holes. 
The plates are tightened one against another, so that by means 
of the raised margin a hollow space is created between each pair 
of plates, which, under pressure, and assisted by the packing of 
the filter-cloth (the end plate has no hole), is effectually shut off 
Irom th(‘ outside. 
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The liquor to be filtered is forced through the hole in the first 
plate, and enters (after the air has been allowed to escape), fill¬ 
ing all the hollow spaces between the plates. As the pressure 
on the liquor continues the latter is forcwl through the filter- 
cloth, leaving and a(^camulating all solid matter (the impurities 
or the material to be separated) in the filter-chambers between 
the plaU^s. After having passed through the cloth the liquor, 
now clear, runs down the corrugations and finds its exit through 
a channel to the outside of the plat(*R. When the accumulated 
solids hav(! filled all the hollow spaces (about twc^thirds of the 
space occupi<;d hv the whole press), the shutting arrangtuueut of 
the press is loosened, th(‘ plat(‘s arc separated, the cakes of solids 
allowed to drop (lut, tlie ])lat(‘S re-tightcsned, and the process 
re-started. 

Two chief inethcKls <»f construction are employed : (1) (lhain- 
her-{)rcsscs. in which tiu' filter-chambers an* formed by the raised 
margins refcn<!(l to; and pi), frame-presses, in which the margins 
of the plates arc on tlu! same level as tlu* filtering surface, and in 
vvhicli the filh'r-cliambers are formed by means of hollow frames 
insi'rled so that filter-plak's and tj-ii.im's run altcriiatidy through¬ 
out tile ('iitire length of the press. 

The filter-press is iis('<1 for • (1) Separating solids from 
liquids, (‘i) clanlying liqiKtrs, (^1) washing substances and 
fn'omg them from ohjeetionahle solulile admixlnres . and (4) 
extracting substances. 

Th(“ parts nf a press winch come intoeontaet with the liquors 
to he filtered are made eith(;r in iron, wood, giin-mutal, hard 
lead, tin, oi- iron coated with viihtaniti*. Iron filter-presses are 
prefta-able. on account of their 4liirability, in all cases wliere there 
IS no objection to the material to be treated coming into contact 
with iron or mmiite quantities of its oxides. 

Wooden filter-presses arc made of iron with wooden head- 
plates h’ Ited on to them, and the rest of the plates in wood, with 
wooden taps, etc. Th(; channels through the iron headpiece, 
valves, etc., are either made of gun-metal or iron homogeneously 
lined with some suitable material (hard lead, tin, or indiarubbor), 
so that the material to be dealt with comes into contact with 
nothing but wood and a suitoble metal. The wooden parts are 
usually ‘made of carefully selected pitch-pine, but they may be 
constructed of oak, leak, etc., if desired. Dehne’s plates are so 
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designed that they are given the utmost strength. The central 
filtering surface having a margin built round it, the whole of the 
plate (filtering surface and margin) is made up of several vertical 
sections which are held together by horizontal bolts at the top 
and l^otloin. It is, therefore, a physical impossibility for the top 
and bottom of a plate to be blown out. The W(5ar and tear of 
the woo(l(in parts is very slight, and they can also be renewed at 
small expense when necessary. 

Tn the chamber-press the cakes dro]) out with vtuy little 
assistance, as soon as tlie pniss is opeiuid and tjic; plates se¬ 
parated. In the frame-press, the cakes forming within the 
intermediate fraiiu's can (htlier be lifted right out of the press 
in tlui frames or knocked out h’raiiKvpresses are, therefore, 
not suitable for substances not forming a solid cak(\ Kor 
materials of this kind chamber-presses with the feed (channel at 
the Ijottom left-liand corner sliould be used, as with tins type 
the press can lie drained before it is opened. In frame-]uvsses 
the feed channel is situated outside the filtering surfaci', with a 
channel leading to the mtcrmr of the frame. In all cases, there¬ 
fore', where the material is of such a nature that it is likely to 
block this comparatively iiari'ow channel, the chamber-presses 
arc most suitable. On the other hand, where there is no fear of 
blocking this small channel, the franu'-jiress has many advan¬ 
tages, as the whole filtering surface is available for work, and the 
fixing of th(' filtering cloths is very much simpler. 

1’he following iilustratioiis show the vanous methods of fixing 
the filter-eloths. h'lg. 4K (A) shows the headplale and plate of a 
chamber-press. Tt will ht' seen that the* cloth is simjily hung 
over the plate, and clipped at the feed hole with a union screw. 
This IK a most conv('ni(!nt method, and is far more simple than 
the usual one, shown in b’ig. 4U ((’), viz., joining two cloths to¬ 
gether at the centre feed hole with a short cloth pipe, pulling 
one cb'Lh through the feed hole, and then tying the two together 
at the top. Fig. 4H (D) shows the method for frame presses. In 
this east^ the cloth is simply hung over th(5 plate, and requires 
no fixing whatevc-r. In cases where the plates have channel 
flaps outside, these must be provided with a packing which is 
the same thickness as the filter-cloth. This is effected eitlu^r 
by fitting the chaunel fla]) with a cuff made of the same material 
and thickness as the filter-cloth used (see Figs. 49 A and 49 B) or 
9 
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by providing these channel flaps with india-rubber tightening 
rings. The latter arrangement is by far the most convenient. 
The channel flaps have a circular groove cut round the channel 
holes in which india-rubber cloth-covered rings are inserted. 
These make a {)erfectly tight joint and the rings last a long time, 
and can be easily renewed at small cost . 

The standard thickness of the cakes is 1 inch to li inches. If 



A.—Headpiece Plato. B.—Headpiece Frame Plate. 

Fici. 4S.—Dehne’H Filtov-press: Methods of Fixing ClothB. 


desired, the thickness can be reduced or increased. The more 
easily the material filters the thicker may be the cake. In the case 
of Behne’s washing presses, experience has .shown that it is not 
advisable to increase the thickness above the standard except in 
very rare cases, any gain by the thicker cakes in the filling of 
the press being more than counteracted by the disproportion¬ 
ately longer time required for the thorough washing. 

The proper choice of the most suitable filter-cloth is one of 
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the most important factors upon whitli the r(isult of filtration 
depends. Th(i guiding principle will be best ap])areut if we re¬ 
gard the filter cloth as a sicvi; with very fine ineehcs. The 
nuishes shonld he just narrow enough to hold back the particles 
which it is desired sluuild he retained. If the lueshi's art' smaller 
(i.e., the cloth dtmser tlian necessary) th(‘ out])ul of the press 
will naturally he reduced. I’he exact determination of thti most 
suitable cloth can only Ik? arrived at by actual ('xperience. Tht' 
usual raw material for the cloth is cotton ; wiiere, however, acid 
litjuors art! lining dealt with, woollt'ii cloths will probahly he 
necessary. 

The })rovision of tajis to t'aeh plate gives the advantage t)f 
allowing a perfeid conti-ol over each liltt!r-chaml>er. If some¬ 
thing is wrong in one chamber (the cloth torn or shifted), which 
will he notictid by tht! ont! tap oiilv running turbid, this ta|) may 
be shut till and tht! working of tht* jircss contmut'd 

PresH(!H with clost'd eIHux channel are used if the clear li(|Uoi- 
leaving tht! ])res8 is conducted under pressure to a higher tank, 
or if the liquor is volatile. 'I’hc disadvantagi' is that no control 
over the separatt' cliainlit'rs is alVorded. 

iJchne’s presses are pwvidt'd with two washing systems, tin; 
thorough-t!xtraction system being a novel improvement on tlu' 
old simple washing arrangtiment, which only partly attains its 
end of washing the soluble admi.xtures out oi tlie cakes. The 
sim]>le washing arrangement is still provided in all cast!s where 
only a partial rt'inoval of the soUihlc admixturi' is required. It 
consists of one chaiint!! tlirtmgh whicli the wash-water lintls its 
way into every alternate plate, jiassos through the cak(' and out 
of the oiieii lap of the next plate Only part of the cake is 
efl’ectually washed, and then! is a great tiindeiicy for th(' water 
to form a channel in the cakes and not to wash the otlu'r parts. 
This has led to the construction of the thorougli extraction 
system, the only device which ensures an absolute and quick 
extraction of all soluble matter with the least (juantity of watiir 
or other suitable solvent. 

After the formation of the cakes, tlii' taps are all closed. 
The wash-water is now forced under a suitable pressure (pre¬ 
ferably a somewhat higher ])r(!ssure than the one at which the 
press has been filling) into channel b, and is distributed over the 
filtering surface of the alternate plates (one having a channel 
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to the insido. the next none). 
It ia now,forced simultane- 
ouflly over the whole aurfacc; 
of the cake to penetratii the 
cloth, the cake, the next 
cloth, to collect behind tlie 
tiller-cloth of the next plate, 
and find its exit on the top 
of tiiat plate into the united 
elllux wash chaniud d of every 
alternate plate: <•■ is the chan¬ 
nel for the escape of th(! air. 
The arrangement of thes<‘ 
channels com])els the wash 
water to ])enetrat(“ cver>’ pari 
of the cake horizontally, and 
to take with it every particle 
of soluble matter. Tlie actual 
course of the thorough i*x- 
traetion can be controlled in 
two ways: (I) by the amount 
of water passed through the 
cakes, which can easily be 
measured by means of a 
gi’aduated trough fitted with 
a special valve : or (‘2) by the 
control of the specific gravity 
of the wash-water by nmans 
of a hydrometer placed in tlie. 
control apparatus. 

With tlu! assistance of 
the illustrations, Figs. 50 and 
51. ti.o working of presses 
fitted with the thorough ex- 
tmctioii system will be very 
clearly shown. When feed¬ 
ing the press, the valve a, 
controlling the feed channel, 
and the taps i should be open, 
all other valves being closed. 



Fig. 50. —Details of Tboroagh Extraction Filter-press. 
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As soon as the press is filled with cake, the feeding is stopped 
BJid the washing operation started. For this, the valve a and 
the taps i are closed. Valve b and the air tap o are then opened, 
but as soon as the wash-water commences to run from the tap 
c, this should be closed and valve d opened. For the remainder 
of the washing operation, only valves b and d should remain 
open. On the press are supplementary valves e (on the feed- 
channel) and / (on the wash water inlet channel). These can 
be used for various purposes, such as aerating or steaming the 
cakes, passing hot air through, etc. The valve / can also be 
used for draining purposes if by any chance the* press should 
not be full of cake and needs emptying before it is opened. 

It is a jirinciple of hltor-press design that the press should 
be square in form, in order to ensure the most economical 
use of filtering surface, and that the most easily cleaned 
and efficient surface is one consisting of fine ribs or corruga¬ 
tions. IVoviding that care is taken to give the corrugations 
sufficient depth to prevent the filter-cloths from sagging to the 
bottom when under pressure, and that the ribs or corrugations 
are smooth and carel'ully rounded, this will be found to form the 
most effoctivi' practice. The filter-cloth must not be regarded 
as the principal filtering medium, but only as the foundation 
upon which the real filtration is based. As the operation pro¬ 
gresses, there grows gradually a stratum of the matter at 
first arrested by the cloth, and the liijuor following has thus 
to pass through an increasing thickness of solids in addition to 
the cloth. Thus there are cases where satisfactory filtration is 
only obtained after the press has been in operation for some 
time, (riven a uniform material, the cake should form on both 
sides of the filtor-cloth alike, and in fairly strict uniformity. 
The more porous the filter-bed, the quicker will be the forma¬ 
tion of the cakes of matter arrested. This cake, again, varies 
in der;r''e8 of solidity or density according to the degree of fine¬ 
ness of the particles forming it. It follows, therefore, that the 
more open the filter-bed the sooner will a cake of a given thick¬ 
ness be formed, due consideration being made for the pressure 
employed. The pressure must be arranged according to the 
porosity of the cake, in order to ensure the maximum of filtered 
liquor in any given time. 

Again, it is of the utmost importance that the continuity of 
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]>r(;ssuro should be ivcof^nized in defining tho most acceptable 
form of working. Tlie [iressun* may, at intervals, be slightly 
inci-eascd, Imt should not lie allow(5d to fluctuate or become 
j(‘rky, which may be obviated by a large air vessel being used 
or the employment of the, monh'jns. Tho elimination of gluey 
and slimy substances, and small particles of other solids, ncc(*ssi- 
tates a porous filtcr-b(‘d to ensure prolonged filtration. Tn the 
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case of very fine particles, these are forced into the pores of the 
cloth, and thus retard or entirely stoj) the work ; with these a 
slight uniform pressure is obtained by feeding the licpior enter¬ 
ing the filter from a tank placed a few feet only abov(‘ the inlet. 

Where iieith(;r iron nor wood can be ('inploved, the filter- 
press is constructed m sucli a manner tliat all the parts which 
come in contact with the material being worked are of iron 
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coated with viilcatiite, liardencd lead, gmi-inetal, or tin. For 
such liquids as ether or aininoiiia, for instance, in order to 
prevent the vapours escaping, a sealed condensing cover is 
])rovided. 

In the <5ase of makiiials that only require a low pressure, 
such as oils, where strong constnu^tion is not required, filter- 
])re8ses tested to ‘2H Ih. to tlu^ square inch may be obtained. 
So also for oil filtration, ])resses with two outlet taps enable oil 
to be fed by gravitation (the top row of tajis being used first) 



.'i.H.—('/li«‘i-k Filttn. 


iiilci Iht' |ii'essos. K(ir incrcasoil |ires8inv, a Ixittom row of taps, 
anti, it ntittessary, a pinup, may lie ontployod. 

Til', wasli'ri;; of filter-cloths is usually done by hand, hy 
means of a fibre finish and water, tor whicli purpose the clotlis 
arc spread out siiiRly on a hoard This tedious manual laliour 
can in must oases lie dispensed with liy the use of Deliiie’s clotli 
washing machine (Fig. .'i‘2). Tlio cloths are placed in the 
washing cylinder, about a dozen at a time, and tlie cylinder is 
then set in motion by lielt transmission, when the water in the 
trough of tile macliine circulates through the cyliuder and 
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washes the dirt out of the cloths. The inlet and outlet of the 
water are regulated by stop valves. The water can, if necessary, 
be heated in the machine by the admission of steam. 

With filter-presses provided with taps, the action of the 
filtrate can be watched, and, if necessary, a muddy chamber 
can be stopped by closing the efilux tap controlling it, so that 
the clear filtrate of the other chambers may not be diluted. 
But it is better still if the taps themselves arc self-acting, and 
made in such a way that they act as small cheek-filters; they 
will clear the first runnings and if, for any reason, during an 
operation, the filtrate becomes cloudy, they will automatically 
close that particular chamber altogether. 

With filter-presses which have a united efflux channel, the 
filtrate cannot bo watched at all, and it is impossible to tell 
which chamber is running cloudy. Tt is then necessary to stop 
the whole press. In such filter-])re8se8, check-filters can be in¬ 
serted in the channels of the various chambers, and so allow 
only a clear filtrate to pass. If a liltcr-clotb is tom, these check- 
filters automatically close the chamber. 

The Osmose ok Dialysis Apparatus. 

These machines are constructed for the practical employ¬ 
ment of the physical principle of diffusion, osmosis or dialysis. 

Tf two different miscible liquors which have no cliemical 
action one upon the other are allowed to come into contact 
with each other, the effect of the natural attraction of their 
respective molecules solely, without any agitation or other 
influence, causes a constant exchange of molecules between the 
two liquors, until thc^y are thoroughly amalgamated into one, 
which is absolutely homogeneous. A similar process takes place 
if the two licjuors are separated by au animal or vegetable mem¬ 
brane, capable of lieing saturated with the respective liquors 
(in this apparatus parchment paper). The membrane forms 
a sieve with very minute meshes. According to the size of 
them, some molecules will pass this si(5ve very readily and 
quickly, others very slowly, and some not at all. Diffusible 
and uon-diffusible bodies can thus be differentiated, and as 
experience has shown that the former possess, almost without 
exception, the characteristic of either being crystalhzable, or at 
least to form crystallizable chemical combinations, the former 
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are called “ crystalloids ” and the latter, mostly of a gluey, slimy 
character, colloids ”, 

The quality of the crystalloids to diffuse is made use of in 
their separation from the colloids. If the alternate chambers 
of the apparatus are constantly supplied with fresh water, it will 
be seen that in the proportion of crystalloids and colloids in the 
mother-liquor, the former will be constantly diminished and in¬ 
creased in watery solution. As mentioned, the rate of diffusion 
must vary with the size of the molecules—coiiiuion salt diffuses 
twice and sulphuric acid three times as quickly as ^ugar. This 
difference in the speed of diffusion is made use of for the separa¬ 
tion of different crystalloids. 

The skeleton of the dialysis apparatus is similar to that of a 
filter-press. It contains a number of wooden frames, which are 
alternately constructed so as to hold the two different liquors. 
To prevent the frames from being wrongly placed, the tops are 
alternately fiat and pointed, with triangular handles on one 
side and flat on the other. The parchment-paper is hung over 
the pointed frame only. 

Corresponding holes in the. frames form channels through 
which the two liejuors, one generally water, introduced through 
two funnels, are conducted into the alternate chambers, through 
which they constantly pass at a slow rate, leaving the apparatus 
by the control pipes, in which a hydrometer is placed. 

Every twenty-four to thirty hours the lover on the fixed 
head-piece is turned, which has the offcct of causing one liquor 
to enter the chamber previously occupied by the other. This is 
done in order to make the liquor pass through the parchment- 
paper in the reverse way. Every three or four days the appa¬ 
ratus. if in constant use, is cleaned by passing some acidulated 
water through. A change of paper is usually reejuired every 
six or seven days. 

ScnuLEii's Porous Filter Plates. 

As a filtering medium for valves, vats, etc., Schuler’s porous 
filter plates, as supplied by Messrs. S. Bornett & Co., are now 
in extensive use. These plates were originally made for acid 
liquors and coarse precipitates, and, as such, met with great 
and increasing favour. The manufacture of them has developed 
gradually, and by continual improvement they can now be 
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sup))liod as suitable, for either the finest precipitates or for 
acid and alkaline liquors. The plate, robafed around the top 
of the filterin^j suri’ace, and the consequent f^rooves when the 
stones are toi^ether, are filled, witli jointing material to enabk' 
them to resist, like tlu* filter plates, the effects of liquors of 
a similar character. Tortlaiid cement, lead, or a mixture of 
sulphur and graphite, and similar substances may he used, and 
will he found, if ri'quinid, to form a suitable jointing material. 

fn ord(!r to avoid clogging, vt‘ry fine porosity marks the 
])lati‘ surface, in siudi a wav (gradually increasing downw’ards) 
that th(Te is no obstruction to th(‘ flow of the filtrate by the 
lower portuui of the plate, which s(‘rves merely as a siijiporl. 
and gives the filtering layer strength and cohesion. Tn certain 
instances, at the bottom of the plate, holes are provided almost 
to the filtering plah*, and these* assist m the carrying-olh 

If they are iiih'tided to he used on a double bottom, the 
bottom of tlie plates is flat, imt if tlie plati's are grooved on the 
underside, the false bottom is unnecessary. Ify the ju'essure 
niider which filtration is caineil on, the section of these grooves 
IS deterniiiK'd, being deepest for tin* slightest pressure and cwv 
I'cisa. 

The plates possess a iiumhiir of inqiortant improveruents 
upon manv makes iiow' upon the market. Their special porosity 
excludes the vi^ry finest particles of solid inatt<‘r, tbereforii they 
do not “ clog,” and washing is obviated, with a considerable sav¬ 
ing in labour, and also cost, because duplicates need not be pro¬ 
vided. b’or tlu* treatment of alkaline and corrosive liquorsdhey 
have found a very wide use, which is likely to become general in 
works when* such liipiors liavi* to be dealt with, and their em- 
plovmeiit IS also extending to neutral Inpiors, a perfei^tly bright 
filtrate resulting from tlu* very hegiiming ol filtration. 

The porous filter-plate iiuithod may bo utilized in all the 
best-known types of filters, thougli specially de8igii(*d pressure 
filters, under pressure, are proliably the most completely satisfac¬ 
tory method. In (-ases wlieiv a vacuum is employed for filtering 
or other purposes, vacuum filters may be used. 

Fukssubk Filtkus for Aciii Ligi'oKS. 

Boriuitt’s jiressure filters for the filtration of acid, alkaline 
and corrosive liquors of all kinds by means of porous filter-xilates, 
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arc also very useful. The advantages of this ]>ractically inde¬ 
structible filtering luatorial, which can be used <5ven for the finest 
precipitates without clogging, has already Imhui indicated. 

Both vertical and horizontal types of these filters can be ob¬ 
tained. b’or small outputs up to 9 square feet of filbjriiig surface, 
the vertical filter is recommended. The out(‘r casing contains 
the filter-pot, in which are placed the filter-plates. During filtra¬ 
tion, th(i pot is filk'd with the li(jn()r uiuh'r treatment, the casing 
is closed, and conqiresscd air is admitted. The ^lot is then en¬ 
tirely surrounded by (compressed air, and is net (sxjiosod to any 
unbalanced pressure, not ('ven on tli(‘ boltoui, as the filUir-plates 
rest directly on the latter. The jint, which alone comes into 
contact with the liejuor, can thorefen! b(^ mad(; from material of 
low tensil{‘ strength, i c.., l('ad, tm, stoneware, or wood, as any 
deformation is impossihle, owing to the syshiin of balancing the 
jiressure. 

Accoi-diug te the working pn^ssure and temiieraUire, the 
easing is mad(‘ of cast iron or stec'l, and, if necessary, is pro¬ 
tected from vapours by paint or by a lining. The joint round 
the outlet from the jiot is made by a rubber ring. 

The filters are used in the following manner. At tli(‘ 
beginning of each operation, the pot is filled with the liquor to 
1)(! filtered, tluj filter is closed and e-ompressed air is admitted; 
or they eaii b(i used e.ontmuously by pumping m a quantity of 
turbid liquor corresponding to the amount of filtrate discharged. 
'J’he consumption of coiuprtissod air is very small, as this is only 
admitted at the beginning of ('.aeh operation, and remains in 
the filter during filtration and washing. The wash-water is in¬ 
troduced in such a fashion that it flows down the wall of the 
])Ot, and does not mix with tii(5 mother-Iujiior, which is generally 
of higher specific gravity. Th(^ mothiT-liijuor is therefore dis- 
place(l in tlie shortest possible time, and an extremely small 
(juantiiy )f water is sufficumt for complete washing. The filters 
are fitted with air inlet and air outlet valves, pressure gauge, 
safety valve, and with inspection glasses which permit the 
attendant to watch the progi*ess of filtration and washing from 
time to time. The vertical pressure filters of this tyjie are 
supplied in different sizes up to a jiriissure of about 12 square feet. 
Where a larger filtering area is required, the horizontal filter 
is recommended. 
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• The horizontal filler is (onned by a number of filter trays 
which are arraugt^d m a casing. The filter-plates rest on the 
bottom of each tray, in the same way as in the vertical filter. 
The drainage channels formed by the corrugations at the 
bottom of the plates discharge, however, into the lateral outlet 
pipes. In this type also, it is only the trays that are filled with 
liquor, which does not come into contact with the outer casing, 
and the trays may, therefore, again be made of lead, stone-ware, 
wood, or some other material capable of resisting the action of 
the liquor. 

To facilitate the removal of the n^sidue, each tray is provided 
with two cross-bars running on wheels. When the tray is 
withdrawn from th(i casing, the front bar rests on a bracket 
placed on the cover, while tht; bar at the inner end runs on rails 
fixed in the casing. When tlie tray is to be withdrawn, it is 
coupled to the door by means of a hook in the case of the top¬ 
most tray. As soon as the tray has been withdrawn, it can he 
tilted to facilitate rapid removal of the residue. The cover is 
closed either by Ixdts or by means of a cross-head and screw. 
While the filter is closed, the cover presses on the tray, so that 
the rubber joint-rings placed on the outlet pipes are compressed 
against the back of th(^ casing and make the joint dunng work¬ 
ing. The joint Iwtween the casing and the cover is made by a 
rubber strip held in a dovivtailed groove, which, like the rubber 
rings on the outlets, lasts for a long lime, as it does not come 
into contact with the liquor. 

The method of working is similar to that used with the 
vertical filter. Sludges which can be pumped only with difficulty 
arc filled into tlie trays before the casing is closed. If the 
liquor can he pumped without trouble, the filter is used con¬ 
tinuously, and in a filter provided with a number of trays ar¬ 
ranged one above the other, the liquor may lie fed separately 
to each tray, or it may be pumped into the top tray only, and 
overflows through suitable large pipes into the others. The 
progress of the operation in each tray can be watched by suitably 
placed inspection glasses. 

One man is sufficient for attending to all operations, i.e., 
charging, emptying and closing, even with filters of the largest 
size, which may have a filtering surface of 200 square feet and a 
capacity up to 1000 gallons. 
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The porous filter plates produce, even at a high pressure, a 
clear filtrate from the start. For this reason it is not necessary 
to watch the filtrate, and the outlets can be combined into a 
common discharge pipe without any drawback. In this case the 
pressure filter also acts as a forcing receiver, and the filtrate may 
be discharged at any higher level. 

Fused Silica Waee oe “Vitreosil”. 

A substance which is deservedly finding increasing use in 
chemical works is the fused silica ware produced b^y the Thermal 
Syndicate. Limited, of Wallsend-on-Tyne. By the aid of the 
electric furnace the manufacture of "Vitreosil” has been sue- 



b’lu. 54.—“ VitreoKii" Pipes. 


cessfully developed, and a valuable range of articles is now avail¬ 
able for use in connection with chemical plant which simplifies 
many of the problems confronting the chemical engineer. 

The principal properties of vitreosil are its great resistance to 
heat and acids. It is amongst the moat refractory of materials, 
melting at about the same temperature as platinum (between 
1700' (.. and 1800“ C.). The co-efficient of expansion of fused 
silica is extremely small, being about one-seventeenth of that of 
glass. In consequence of this small co-efficient it is possible to 
subject vitreosil to rapid changes of temperature without any 
danger of breakage. The material is unaffected by acids, with 
the exception of hydrofluoric, and, at high temperatures, phos¬ 
phoric ; the action of phosphoric acid on silica only commences 
above 400° C., so that for all ordinary purposes it can be safely 
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used with this acid. Sulphuric, nitric, and hydrochloric acids, 
or a mixture of acids, such as aqua-rojhi'-. have absolutely no 
action on the matonal. 



Vitreosii is now iM'in*^ eiiqiloycd in the fonstructiou ol ])lani 
for the manufacture' and coneicntration of sul]>huric aeud, in place? 
e)f lead, poicedain. volvu? lava, and jilalumin One of the weak 
points of vitnol jdants is tlie pi])(‘ used for e;onve‘ymji acid inte> 



the nitre-pot. This pi^K}, usually made of irem, hut seuiiotimcs 
of earthenware, is soon affected by the hij^h temperature and 
corrosive actiein of the acid, and freepient renewals are neces¬ 
sary. A vitreosii pipe, shown in b’lg. .5.5, with cast-iron pro- 
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tection socket, has been substituted in many English chemical 
works for the former iron pipes, and has proved most succMsful. 

Instead of the usual nitre-oven the arrangement illustrated 
in Fig. 50 may sometimes be adopted with advantage. This 
consists of a series of shallow-lipped basins, which are placed in 
a chamber at the end of the burners. Liquid nitric acid is fed 
from the top (as shown) or through the side walls, according to 
the manner in which the ])lant is arranged. 

The acid is evaporated liy tin* hot burner gases, and passes 
through the Glover tow(n* into the* chamliers in tl^e usual way. 
This method allows tlie amount of “ mtro ” introduced to be 
easily varied witlnmt (liS(jrganizing the process. 

The lead li|)s and gutters of the Glovc'r towers are seriously 



ahecU'd by th<5 hot acid and hy the scouring action of fine: par¬ 
ticles of coke or disintcgi’ated packing from tlu^ tower. Addi¬ 
tional false lead lips and lirick linings are rosortiid to in some 
cases to increase tlu' life of these parts, hut with only moderate 
success. Vitreosil lips and gutters (b’igs. 57 and 58) have 
entirely overcome those; dilliculties, as the material is quite 
proof against scouring, and is, of course, unaffected by the acid. 
Vitreosil siphon j)ip(;s (Fig. 59) may be used to draw off the 
acid when a Glover tower is not luted in the usual way. 

The efficient concentration of sulphuric acid has always pre¬ 
sented difficulties to chemical manufacturers, mainly owing to 
the failure of the materials of which tlie plant has been con¬ 
structed. That it is a question of materials, is proved by the 
10 
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fact that costly plants have been installed in which the concen¬ 
tration is carried out in vessels made of platinum, or platinum- 
iridium alloys. Attempts have been made from time to time to 
construct continuous concentrators, using glass, enamelled iron, 
or porcelain for the concentrator units. The frequent replace- 



iFn.. .‘jK 


ments necessary, eitlier through breakage of the vessels by heat, 
or on account of llie action of the acid on Uuiiu, has lioen a 
serious item in the u])kee]) of such plants. 

The possiliility of using vitreosil vessels in place of porcelain, 
etc., for these cascade jirocesses, immediately appealed to acid 
makers when the properties of the material became known. 


Trials were made at several 
works in 1907 with vitreosil 
Ixiakers and basins, and success¬ 
ful results were obtained. Tt 
was found that there was no 
necessity to protect the vessels 
gg from the flame by means of 

fireclay slabs or pots filled with 
sand, as they could be exposed to direct firing without danger. 
The result was an increased output of finished acid with a 
decreased consumption of fuel, and at the same time the break¬ 
age of vessels was very largely reduced. 

Extensive use lias been made of vitreosil basins, one of which 


is shown in Fig. 60, for cascade concentrators, over 600 being in 
daily use in Great Britain, while a larger number are in opera- 
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tion on the Continent. The plants working in Great Britain 
only, at the present time, represent an output of about 22,000 
tons of 168 degrees Tw. acid per annum. 

A silica basin plant combined with lead pre-heating pans is 
very efficient. A test over a period of four months on one plant 
gave the fuel consumed as 15 per cent of the weight of finished 
acid. This was with a concentration of 108 degrees Tw., start¬ 
ing with acid of 100 degrees Tw.—110 degrees Tw. The out¬ 
put of a forty-basin plant is approximatedy 4 tons of 1C8 degrees 
Tw. acid per day. 

Beakers for the Webb, Dyson, and similar sj^tems are also 



made. The following paragrapli from the Forty-fifth Annual 
iteport of the Chief Inspector of Alkali Works refers to a con¬ 
centration plant using vitreosil beakers. “Experiments with 
specially designed ‘ fused silica ’ vessels, instead of porcelain 
ones., have boon made at one work. The manager is so well 
satisfied with this material for the purpose of rectifying sulphuric 
acid that he has now substituted it for the porcelain vessels 
through the whole of the plant.” 

In the manufacture of nitric acid, vitreosil has not yet been 
80 extensively used as in the sulphuric acid industry. This is 
mainly due to the fact that the retorts, receivers, etc., now in 
use are somewhat larger than can be made at present. Smaller 
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apparatus, however, such as still heads for Valentiner's appara¬ 
tus (Fij». (32), Guttmann still heads, built-up pipe rangtjs, and 
condensers, are manufactured. The disadvantage of stoneware 
for these purposes is its liability to break through temperature 
changes, which is entirely obviated by the use of vitreosil. 



Pipes for condensers, etc., are usually supplied with socket 
joints, the joint being jirc'fenibly ]nad<! with aslxistos cord and 
an acid-jiroof cement. Flanged pipes are not practicable m 
vitreosil, as the expansion or contraction of the bolts oi- clamps 



is liable to produce a strain at the flange, and so cause 
breakage. Pipes can also lie obtained with tapered ends or a 
uniform taper m the length. For certain purposes tapered 
joints offer advantages over sockets. 

The small co-efficient of expansion of fused silica must 
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always be borne in mind when apparatus is constructed in 
which it is in contact with other materials. Sufficient play 
must be given to the silica to prevent it being compressed by 
the other parts when the apparatus is heated. 

A recent addition to the vitreosil products is a shallow tray, 
Pig. 63, as illustrahid. These trays present special advantages 
for cascade processes on account of the large heating surface 
they offer to the fire gases. 

Another system of concentration on which advantage has 
been taken of the jiropertitis of vitreosil is the Kessler apparatus. 
The parts of this plant which arc at present made in vitreosil 



are the leadmg-in-pipe, centre pipe, culottijs and supports. 
Experience has proved that volvic lava has a tendency to 
gradually disintegrate, especially where the working of the 
plant is intermittent, whereas vitreosil is entirely unaffected. 
The greatest troiilile in the working of this plant is experienced 
hy the frequent breakages of the porcelain culottes. After a 
series of trials a successful calotte has been produced in viAe- 
osil. These culottes, are slightly modified from the porcelain 
shape, but are quite standard as regards fitting into existing 
plateaux. 

Apparatus for cooling the acid from concentrators are made 
in two types, Figs. 64 and 65. The pot type cooler, Fig. 64, 
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oonwstBoI an outer lipped vessel and an inner centre pipe. The 
lipped vessel is seated in an iron or load tank through which 
water is cirenlated. The hot acid enters the centre pipe, de¬ 
scends to the bottom, and, pass¬ 
ing through the slots in the 
pipe, rises between the pipe and 
the wails of the vessel, where 
it is cooled by the circulating' 
water outside. The capacity of 
a single pot is from J J to 2 tons 
of 108 degrees Tw., per twenty- 
four hours, cooled from 209 de¬ 
grees C. to 40 degrees C. Fig. 
05 shows a coil cooler suitable 
for use with acids containing 
no suspended matter, which is 
highly efficient. As an example 
of the working of these coils 
for acid cooling, the following 
figures relating to a small coil working in conjunction with a 
concentrator arc of interest:— 

Area of coil.square feet. 

Acid cooled per 144 hours .... 1680 lbs. 

Water uBed per 24 hours .... 1100 gals. 

Temperature acid entering .... 220 degrees C. 

Tcmjicraturo water entering. . .5 degrees 0. 

Temperature acid leaving .... 80 degrees C. 

Temperature water leaving .... lOdegroosG. 

Homogeneously Lead-Lined Pipes, etc. 

Lead-lined pipes, coils, worms, etc., arc most useful for mak¬ 
ing the connections in any acid plant. Such pipes, etc., made 
in any diameter and in lengths up to 20 feet, lead, hned inside 
homogeneously, are made by Messrs. Paul Schuetze & Co., of 
Oggersheim, the English agents for whom are Messrs. S. Bornett 
k Co. The same firm supply pipes, etc., coated externally, and 
also lead and tin-lined apparatus and vessels similarly treated. 
In practice, this homogeneously treated apparatus has been 
found most useful, and lends itself to a variety of purposes 
which it is scarcely necessary to enumerate. 
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Kestneu’s “Climbing-Film” Evaporator. 


The evaporation of liquids is a process that has been known 
for many centuries; but only in recent years has a careful study 


been made of the principles 
^'overning its working. When 
film evaporation was first intro¬ 
duced, it was found to effect a 
great economy compared with 
any other form of evaporator 
then known: but it was not 
until the climbing film was in¬ 
vented that the full possibilities 
of this type of evaporator w(5ro 
realized. M. Paul Kestntir, of 
Lille, who has had considerable 
experience in film evaponitors, 
knew all their limitations, and 
overcame them by means of his 
patent climbing-film apparatus. 

The evaporator has licen 
styled a “climbing film” be¬ 
cause of the climbing of the 
liquids in tbc tubes, 'fhe climb¬ 
ing action is shown in Fig. 06. 
As will be seen from this skt'tch. 
the liquid boils m the bottom 
of the tube and is continually 
climbing up the inner surfaces, 
while the centre acts as a j>as- 
sage for the steam generated. 
The movement of the liquid 
throui.li the tube is very rapid, 
while the distribution over the 
surface of the tube is perfect. 
The steam generated acts as an 
invisible core holding the liquid 
close to the tube surface, while 
the continual movement of the 


f 1 



Fki. 66.—Kcfitaer ** ClimbiDg-Film " 
Evaporator. 

liquid over this heated surface 


gives the circulation required to cause rapid heating and evapora- 
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tion. All the heating surface is of equal value for heating pur¬ 
poses, and the temperature is under complete control, the result 
being that liquids can be concentrated to any desired degree in 
one passage through the tubes. 

The li<juid to be concentrated passes through the inside 
of th<5 tubes, while the steam for heating is outside the tubes, 
entering the shell at A. The upper casing, S, forms th(! sejiara- 
tor, and contains the centrifugal bafilc, D. The bailie is so 
designed that it prevents the particles of liquids from ])assing 
away with the steam througli exhaust outlet B. 'PIk* steam 
which exhausts at B is generated in the tubes l)y the heat of the 
steam in the shell, and wliich is admitted at A. When multiple 
effects are used th(^ steam from B is earned to the inlet A m 
tlie shell of the second effect; while tlui concentrated liquid is 
discharged from L direct to th<' inlet of the second shell. 

Another form of evaporator, and one which may he us<'d for 
many imrposes, is the direct-lire hoatt'd tyjie. Fig. (>7 gives an 
illustration of sucli an installation. The following description 
shows clearly th(‘ method of working : The liquid to he concen¬ 
trated is contained in the tank X. and Hows hy gnivitv into tlie 
evaporator, through the pi^ie T. The h(|uid is concentrated in 
one passage through the tubes, aud flows through the pipe L, 
to the tank Y. The steam goneraled jiasses through into the 
separator and exhausts througli tlu* opiuiing Y>, from which it 
can be connected to heaters for lieating feed-water, for concen¬ 
trating in vacuum, etc., etc. fn addition to tins, the apparatus 
is desigiK'd so as to take the steam from tlie opening B, at a 
pressure up to. say, 45 lb. per square inch, so that it can he 
used for similar purposes. The arrangement of the flue and 
the passage of the gases are clearly shown. H’his gives a very 
economical working plant, as the design of the effecd and ar¬ 
rangement of the tubes are such that all the advantages of a 
steam generator are obtained, as in a modern water-tube boiler. 

There are many works and plants wliere the Eivers Pollution 
Acts prevents the waste liquids from being returned into rivers, 
and this type of evaporator, being so inexpensive m design and 
simple in construction, meets a want in that direction that will 
be appreciated by many manufacturers. It has the further 
advantage of being easily erected, and does not require expert 
mechanical knowledge to work it. 
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In another type of 
evaporator the heat 
from the exhaust steam 
on its way from the 
engine to the condenser 
is utilized. The exhaust 
steam from tlie engine 
is delivered into tlie 
shell of the evapora¬ 
tor; the heat obtaini^d 
from this steam giving 
th(5 heat required to pro¬ 
duce the iKHX'Ksary eva¬ 
poration. A slight dro]> 
in vacuum results; hut 
at most about 2 inches. 
This would have liUli* 
<ilfect on th(^ economy oi 
the engiiH!; hut wiuild 
<‘nal>le ciinct'utration to 
he caiTKsd on iit a very 
low (^ost. This ii(K*CB- 
sitates an evujierator 
slightly dilleri'iit from 
the usual “ cliiiibiug 
film " type. It is what 
is termed a downward 
flow apparatus, as after 
the usual climhing film 
action takes place, tlie 
steam passes through 
a series ot down-flow 
tulies into . the con¬ 
denser. The condenser 
is coupled up to the ex¬ 
haust opening in the 
evaporator, and con¬ 
denses the steam thus 
generated, instead of 
being coupled direct to 



Fm. 67.—Keetaer Climbing-Film Evaporator, 
Direct-fired Type. 
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the main engine. An automatic exhaust relief valve is provided 
80 as to enable the engine to exhaust to atmosphere if required 
at any time. 

When existing installations are overloaded, the question 
often arises as to the best method to extend or increase the out¬ 
put of the present apparatus. In such a case, the climbing-lilm 
evaporator can be added to an old-type pan. This can be carried 
out with any design of pan. It is usually the most satisfactory 
arrangement to make the Kestner the first effect; but each 
particular case has to be consid<;red on its own merits, as in 
some instances the effects can be added in parallel with existing 
pans, so as to increase their heating surface and the capacity of 
the whole plant. 

Climbing-film evaporators are usually about 80 feet high 
over all. They occupy very little ground space, which is most 
important in works near large towns. 

Wati';k-Driven (Jentrieuoals. 

The machines shown in Figs. (38 and (39 represent patent 
water-driven centrifugals fitted with patent interlocking gear. 
As will be seen from the illustrations, the water motor is fixed 
above the framing, and drives the centrifugal basket which is 
below it through an elastic coupling, the basket being fixed 
at the lower end of a vertical spindle which has only one 
bearing. The water motor, which is of the Pedton Wheel 
type, rotates on a ball bearing around a fixed spindle. The 
body of the motor (Fig. (39) is carried upwards and is turned 
over the casing with a double flange, upon which the buckets 
are mounted. The flanges prevent the water spray from gat¬ 
ing over the top; the spent water is thus compelled to flow 
through the return water-pipe, back to the water tank which 
supplies the pump for driving the machine. 

To the bottom of the water motor boss there is bolted a 
driving flange, upon the upper side of which there are mounted 
the governor balls in an oil-tight cavity, partly filled with lubri¬ 
cating oil, below the upper ball-bearing. The governor balls 
are held in the off position by the governor springs. The arms 
are coupled by a rod passing up the hollow spindle in the centre 
of the motor to a lever working on a fulcrum placed on the top 
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of the motor case cover; a swivelling crosshead, through which* 
passes the governor rod, is fitted at the outer short end of the 
lever. When the machine attains full speed, the governor 
spindle is moved upwards, and the governor rod is pressed 
downwards, when it acts on a trigger, cutting off the water from 



Fw. 68.—Pfttent Wator-drlven Centrifugals by Pott, CasselsA Williamson. 


one of the two jets—the accelerating jet—which can be seen in 
the illustration, leaving the smaller maintaining jet on the 
opposite side in operation. 

Underneath the beams is the elastic bearing carrying the 
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upper end of the basket spindle; into this are fitted indiarubber 
buffer rings, separated from each other by a loose U-shaped 
cast-iron ring. Both top and bottom buffers, therefore, 
support the weight of the centrifugal basket. This patented 



Fui. 69.—Showins Motor of W'ater-drivoii CentrifuRale (I'ott, CaBaele A 
Wiiliuiihon). 

arrangement of buffers gives great resilience and perfect steadi¬ 
ness to the machine when running with a balanced or un¬ 
balanced load, and as the buffers are separated by the loose 
U - shaped cast-iron ring, any wear on the bottom buffer 
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is compensated for. The ball-bearing housing hts inside the 
indiarubber buffers, and contains the compound ball-bearing. 
To pennit of the oscillation of the centrifugal spindle and 
basket, the water-wheel above, which does not oscillate, is con- 



Fro. 70.—Wiit<‘r-(lri\r'H OentrifiiuHlfi. lutorlooking Goar, 
nectcd to the brake juilb-y cm the top of the centrifugal spindle 
by thnio links, the eyes ol wluch are siipj)e(l over the points of 
the dnving-pms into a groove. The links thus form a strong 
dcxihlo coupling, }>oth simple and otfective; the motor or the 



Fin. 71.—Watpr-driven CentrifugalB. Interlocking Gear, 
centrifugal can be detached, when desired, by slipping off the 
links. 

The brake band is supported by an angle iron, resting on a 
flange in the suspending bracket, there being thus no pos* 
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.sibility ot the brake drooping unequally. When the brake is 
off, there is an equal space all round between the brake band 
and the brake pulley. 

The interlocking gear is shown in Figs. 70 and 71. This 
works as lollows: When the interlocking lever is pushed over 



rio. 72.-Crji.tiiUizi>lion in Motion Plant, by I'ott, CmucIh * WilUammn. 


from right to left (sec Fig. 70), it opens the accelerating water 
valve, which is on the left hand of the motor case, and, by 
mean’s of a short connecting link, it opens at the same time the 
maintaining water valve, which is on the right hand of the motor 
case, and so causes the jets shown in the section (Fig. 70), 
on both sides of the water-wheel, to act on the water-wheel cups. 
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When the hand is removed from the accelerating lever, a spring 
is prevented from catting off the accelerating water valve by 
the point of a small, round, horizontal trigger rod pressing 
against the jaw of a trigger-rod bracket, the trigger rod being 
pulled up into the horizontal position by the governor springs 



Fi<i.'73.—CryKtallization in Motion 1'lant, by Pott, Cassold d’ WilliamBon. 


contracting when the machine was stopped the previous time. 
When the machine attains full speed, the governor, as above 
stated, pushes down the governor rod, which, in turn, pushes 
down the trigger rod, when the spring on the accelerating lever 
will shut off the accelerating water valve. The maintaining 
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water valve is not affected by this operation (see Fig. 71), and 
remains open until it is desired to stop the machine, when it is 
shut by hand, and the brake applied. 

Fig. 7‘2 and Fig. 73 represent a crystallization in motion 
plant, consisting of crystallizers, centrifugals, and mixer, engine, 
screw conveyer under centrifugals, and a dry sugar elevator as 
used in the sugar manufacture. It is illustrated here as embody¬ 



ing principles winch are of interest. The niassocuito is struck out 
of the vacuum pan into one of the crystallizers, each crystallizer 
being of such a capacity as to receive the entire “ strike ” of the 
pan. The crystallizer stirring gear is then put in motion 
and the contents stirred continuously for a longer or shorter 
period of time, according to the quality of the massocuite. The 
time varies from twelve to twenty-four hours for first massocuite, 
and from one to two days tor second massecnite. The contents of 




the crystallizer, after Ijoing stirred for the required time, are 
discharged througli a suitable valve into the mixer of th(‘ centri¬ 



fugals, where the massecuite undergoes a thorough mixing. 
The centrifugals an; fed through charging valves and the mas- 
11 


jr„ 3 ^ 73 ._Special Cintrifiigrtl for Mixing j*nd Drying Antbraceno and Naphthalene, by Pott. CasaeU & Williameon. 
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secuite is cured in the usual manner, the dry sugar being dis¬ 
charged through the bottom of the centrifugal mto the screw 
conveyer and from thence to the dry sugar elevator to the sugar’ 
store. The crystallizers are fitted with friction driving gear, 
which enables any machine to be put in motion or stopped as 
desired, without interfering with the rest of the plant. 

Fig. 74 shows an arrangement of steaming apparatus. 
The inside is used for cleaning or bleaching the material, aiid the 
outside steaming is for washing the inside of the monitor case. 
The inside steaming pip(!S are made* so that the pipe can be 
lifted out of the basket by means of a swivel joint. This facili¬ 
tates the removal of the conlt'nts 

Fig. 75 shows a special centrifugal, for mixing and drying 
anthracene and napthaleiie. ’J'lie anthracene or napthak'iie is 
fed into a steam-jacketed mixer, where it is kept at the desiriid 
temperature during the process of mixing. It is then dischargea 
into the C(mtrifugai, spun in the usual manner, stt'anied, ana 
discharged through the (»])ening in the liottom of the centrifugal. 

Vacuum Kvajhui vnni kor Suliuiatk ok Ammonia. 

Fig. 7fi shows an improved type of single (effect vacuum 
evaporator for dealing with sulphate of ammonia liquors and 
concentrating thcsi'. 

The evaporators arc usually (lonstructed of a special quality 
of copper for withstamting the ai^tion of tin* iwid, and the heat¬ 
ing surface is arranged on an miproviHl jirinciple to ensure the 
highest circulation and the host efliciency. 

The illustration shows the ^ilant fitted with a save-ail of extra 
large size and area to prevent entrainment, and viith a jet con¬ 
denser cxiiausted by a set of belt-driven llnee-throw pumps. 
The usual practice, however, is to have a single-throw steam- 
driven pump, unless the plant is of very large size. 

Wlien the liquors to be dealt with are specially acid, or con¬ 
tain loo high a per(5eutag<i of chlorine, the evaporators can be 
constructed of steel, homogeneously lined with lead, which is 
found to bo the most suitable in this case, and the heating sur¬ 
face IS arranged separate from and independent of the evapor¬ 
ator, with connecting pipes, in one or more units, as found 
desirable. 

Modifications of the same type of evaporator are also supplied 
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foi soap lye, caustic potash and soda, and various other trade 
liquors. 



Pig. j70.—Vauuuin ^Evaporator for Sulphate of Ammonia, by Blair, Campbell 
& McLean, Ltd. (Qovan). 


VAcmiM Drying Plant. 

There areifew, if any, materials requiring drying which can¬ 
not be most suitably dried in a vacuum—provided the vacuum 
be properly applied. Every liquid boils at a certain tempera- 
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lure, according to the pressure existing at the time. The 
greater the pressure, the higher tluj lK)iling-i)oint. If the 
natural pressure of the atmosphere js removcMl, it is p()ssi])le to 
remove the moisture from a i)f)(ly at a much lower temperature 
than under atmospheric; couditious. 'rhe naluced hoiling-point 
lias, however, a very important bearing on the rapidity of tlu^ 
o))eration, owing to the greatcjr sfiecjcl with which the hc'at units 
are transmitted from the heating iiKidium (steam, water, I'tc.) 
the ni'iteriai. Obviously, the greitor the differeuce in tem])i‘ra- 
tnre between those, the greater the ijnaiitity of heattransnnlled 
in a given tune. 

Ncsarlv every matcM’ial is ailvc'rsely atfee.tcd by ('xe.e,ssiv(' lieat- 
ing—either at a high temperature or by prolonged lieatmg 
Consecjuently, the ideal <lrving is one of great rapidity and low 
temperature. I’his eoinhinatioii is. howevcjr, not to Ik* found 
under atmospheric <-onditions -in order to dry rapidly, the 
boiling-point of the liipiid lugredieiit must hr ajijiniaeheil; this 
means, under orduiarv pressure, a high temperature and a jioor 
product. -V vacuiuii drying jiroperly e.ondiieted can, howiuer, 
ap])roach the* l)oiling-pomt. iwen reach it in sonn' cases, and yet 
he merely warm. 

The “Scott" vacuum dru’rs made by Messrs. (i<;orge Scott 
and Son (Ijondon), Ijhl,, of Kmgsway IIous<', London, W.C.. 
and illustrated in Figs. 77 and 7M, ar<^ (lesigiu'd to conihme m 
one anparatus the full advantages of a nijud drying at a low' 
temperature. 

The stationary drying apparatus or vaciiimi stove ( Fig 77) is 
tlie form most goneiully used, and eonsisis of a solidK con¬ 
structed reec'ptacle fitted with a number of shelves, jirovided 
with a door and suitable exhausting and eondcuisnig arrange- 
iiumts. Sued) an apparatus, to lie jiraetical and useful, should 
he capalile of turning out tiu! product as umloriii as possible. 
This can only be obtained by securing staiuiclmess in the sieani 
shelves, an ellicient distribution of the steam, and a fi(‘e clear- 
ttiice and condensation of the oxpeli<*d moisture. The interKU' 
of the stove should he as free Irom moist va|)ourH as possible. 

The body ot the stove is built up of lu^avily ribbed castings, 
cravefully machined at (wei’y joint. Tin- standard “ Scott " stove 
is supplied in rectangular form, and tlius saves all waste space- 
The back of the stove is constructed in either case m mild steel, 
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and carries tlu! vacuum and steam connections. The door is 
specially constnictcd in light steel plate, with strong forged rim 



and cross-pieces. This produces a light but strong, easily 
handled door. The shelves are of special grid type, made with- 


Fio. 77.—Vacuum Drying Stove. 
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out any jointing, and tested to 100-lb. pressure per square inch. 
The heating medium, such as steam or hot water, traveraes 
every portion of the shelf. The exhausted vapours have frra 
passage at the back of each shelf, and therefore pass rapidly 


A condenser with solid drawn brass tubes is provided, with 
a receiver for containing the liquid driven off from the charge 
during drying, the latter being supplied with inspection httmgs, 
allowing the stream of condensed liquid to be continually under 




^ _ 

Fro. 7«.— Continuous Yacinmi Diymn Appamtus. , J iS 

observation, and thus indicatmt^ tlic con- | jj| 

dition of the material in the stove. The j y 

vacuum is obtained by means of a vertical ' 
dry pump, with mechanically moved valves. 

The stationary stove is specially suited . I" —fr. 
for the drying of colours, iiitro-compounds, explosives, gutta¬ 
percha, casein, soap, 6ne chemicals, and crystals of all kinds. 

The Scott Patent Continuous Dryer, shown in Pig. 78, has 


been designed to provide a drier combining the advantages of 
the vacuum stove with the absence of handling.' This new 
drier cannot be adapted to the requirements of every substance, 
but is specially suitable for continuously producing a dry powder 
direct from the liquid without intermediate handling. The 
apparatus consists of a suitably constructed chamber furnished 
with endless metallic bands supported and put in motion by 
driven rollers. These bands are supplied with the liquid to be 
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dried by an automatic spreading device, and pass in their course 
over and close to steam-heated surfaces. The speed of the 
machine is regulated so that the material is dry on reaching t^e 
farther end of the drying chamber, where revolving brushes 
remove the dried material and direct it into a conveyer trough, 
whence it finds its way into one or other of the receivers pro¬ 
vided, which are discharged and filled alternately. The material 
cannot be overheated by prolonged contact with the heating 
surface, and in this T<3spect the machine has a great advantage 
over the shelf stove. The apparatus while supplied with liquid 
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continues to produce tl»e one grade of material without inter- 
missi m as long as may be desired. 

These driers, which have been thoroughly tested in actual 
work, are siritahlt! for drying such materials as glue, dyt; extract, 
tannin extracts, shellac, albumen, etc. 

A type of vacuum drying plant which is in very extensive use 
is that made by Emil Passburg, of Berlin, and supplied in this 
country by Mr. James Livingstone, of 110 Great Saint Helens, 
London, K.C., is illustrated in Fig. 79, which shows a Passburg 
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\a.cimm dryin^^-chamlK'v plant eroct(‘d at Mr. Passhurf^ s works 
pnor to beiiiji piicked for shipment. Many similar plants have 
supplied lo choiiiioal and colour works. 

Tlu- liiatenal to ho dnetl is spread cvcmly upon trays, which 
arc placed hetween tiu* heatm” slielves in the chamlier. The 
swni^nn'' hmcod does- is then cl(»sed and tightly secured, and the 
vacuum pump set lo work. The (‘xhaust steam from the shiain 
c\liml<‘rof the vacuum ])nin]>is used for the heatinj; shelvi's. 
and hy the tune tlu' wet material lias heen warmed to a!)out 
IKK 1*’. the pump will Imve obtained a vacuum of ‘iH to 21) iiudies, 
and th(‘ mo1stur(‘ is I'emoved raindly hv hoilin^ at this low 
lem))ernlurH‘ 'I’he vapour is drawn lo the surface condenser, 
where it is eondi nsed and <-ollei;is ui the base of the condenser. 
The a\enio<‘ (Irviii'i tune lor colours is from li\e lo six hours 

Most materials in a warm, moist eoiulition are injiirmuslv 
aflected In the oxygen m the air, hut this actum, nwmo di the 
exclusion of the air. is entirely avoided in tlu' vacuum ajipai’atus. 
The vacuum ]mnip only reijinri's from thre(“-(juarlei*s to one 
hour to maintain tlu' \ai'.imm. Thesi' chamhers are advan- 
tapeoiisly used for recovmin” sjiint. The latest miproveiuenl 
111 the construction of the cliainhcrh is that tlu* edt’cs of the 
heatino sh*.‘lves. whicii used lo be. riveted and had the steam 
iiib’t and outlet pipes screwed mlo them, are now made with 
welded edpji^s. and tlie jii|H*s an* w'clded to the shelves. This 
improvement has done away with the lodj-ment ol water on the 
bottom of tlie sUelvi's and of air on the lop, as the insidi* of the 
weldi'd pijies aie on tlu* same lev**! as tlu' inside Lop and bottom 
of tlu* shelves, dvi*!' a hiindri’d Passhur^ chamhers huu* heen 
supplii’d to Hritish works, and many hiindieds to C'ontuiental 
establishments. 

The sill'll (diamher shown is slntahl{^ for colours, chemicals, 
aniline and otliiu- dyes, dextrine and other j;ums, j^amhier, ‘jluo 
and ‘•elatiue, and all kinds ot puljis and imNt.es, etc. Kotary 
dryers are also siipjilied for f'laiiular substances, such as starcli, 
dextrine, sallpi'tre, chalk, soap-powdi'r, artilicial manures, 
etc. 

Tkk Si'or’i' 'ruii>Li':-Kji-’i*'Ki'T Kvai'oratou. 

Kj”. .so shows a tnplc-elTect evajiorator l)y Messrs, (leor^'e 
Seoit I'i- Son (Jjimdon), Ltd., tilled with a final finishing i»an for 
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• oompleting to hif^h streiij^ths by the uHe of exhaust steam—in 
fact, the whole plant works throughout with exhaust steam. 

The combination shown is a very complete one, as it is 
provided with a Torricelli or barometric self-delivery type 
condenser, a stcam-drivcm displacement pump, the latter being 
combined with the water pump for tiu? condenser, and a drij) 
water pump for removing the condensed steam from the etfects. 

A particular feature of this apparatus (of which the makers 
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have about 4000 at wovkj, is the p-it(!iit heatiiif> system, which 
is m the lonn of a nnml)er of vertical tubes of lai'Se and small 
■diameter, the larffe tubes henif; cveiily spaced among the smaller 
■ones, thus producing an even and very vigorous circulation. 
The tulies are neitlier particularly short tubes nor ))articularly 
long ones, and the makers have come to tile conclusion, after an 
experience which is unapproached by any other firm, that the 
medium between the short and long tube is the correct thing. 
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The tubes are long enough to produce an efficient circulation, 
and short enough to prevent any possibility of dry spots on the 
heating surface, and also short enough to allow the vapour to 
be freed much more readily than if a longer tube is employed. 
All varieties of these evaporators are made by Meffirs. Scott & 
Son, and each is specially designed for its particular duty. 



APPENDIX I. 

ON THK CHEMICAL ENOINEEE. 

• 

The function of the chemical engineer has now become fairly 
well defined, and his value more clearly appreciated than was 
the case evtm a few years ago. When a chemical manufacturer 
was faced with the problem of the erection of a new works, the 
re-modelling of an old one, or the addition of new plant to his 
(existing equipment, it was formerly the custom for him to call 
in one of the (contractors familiar with general chemical plant, 
and to rely very largely upon him for the carrying out of any 
constructional work that might be required. The chemical con¬ 
tractor had the advantage of being able to give information as 
to what other inaimfacturers were doing in connection with 
any particular typ(‘ of plant. Frequently he would be in pos¬ 
session of drawings prepaned by some consulting engineer, and 
could make use of such drawings modified to suit the particular 
case. He might nut lx; an engineer in the real sensti of the 
term. Very frequently he was nothing of the kind, and the 
confidence of the manufacturer was often misplaced, resulting 
in the expenditure of large sums of money on plant, which, in 
practice, proved not suitable for his requirements. Very grad¬ 
ually, during the last twenty years, it has been recognized by 
chemical manufacturers that the designing of plant for the 
various operations required a peculiar combination of engine^- 
ing and che'mical knowledge. In the first place, the materials 
used m the construction of the plant are not those with which 
the average mechanical engineer is familiar; therefore, it was ob¬ 
viously necessary that, in addition to some engineering skill, an 
extensive acquaintance with the chemical processes involved in 
any particular branch of manufacture was a necessary qualifica¬ 
tion in an engineer entrusted with the designing of a chemical 
works. Such a combination of engineering and chemical know- 
(171) 



17‘2 CUKMICAl. WOUKS DKSrGK ANP KQril'MKNT. 

.lodfje is raroly posKeswed l)y an i)ure and simple, and 

this fact has led t(i the evolution of u specialist w'ho combines 
the two ])mnches of scientific ability. It is often said, and that 
most emphatically, that in a large chemical works the most 
iiuiKU'taiit man on the ex(icmiv(‘ staff is the I'ligineer, and in 
support of this argmiH'iit it is asserted that the largest and 
most successful works are lhos<^ whci-e compi-tent mechanical 
enguujers are found at the head of alfairs. 1’he truth of the 
matter is that eitlier such engiireius have securwl a compara- 
tive.ly exte.nsiv(‘ acquaintance' wUh the cliemical operations 
involved, \)r that they liav(' tlu' co-o])cratiou of an equally 
competent stall' ol works ebemists. In many cases, as already 
hml(;d, th(‘ engineer in charge has studied the chemical side of 
works management, or the chief chemist has devoted much 
attention to the engmeoiing details ol tlie plant for which ho is 
responsihle. In either of these eases we see th(‘ ehemical en¬ 
gineer in the making The (‘iigineer has ahsorlied siiflicient 
chemical knowledge to convert himself into an efficient chemical 
eiigine('i-, or the works (‘liemist has ahsorlied sufficient praetictal 
engineering to produce the saim* satisfactoi’y result. Whether 
it be that practical engineering, jilus the knowledge of chemical 
details, produces tlie desired specialist, or tliat tccUnicai chem¬ 
istry, plus engnuMiring knowdi'dge, results in the same ])roduct, 
IS quite, immaterial: either process freipiently jrt’oduces tlie man 
who IS the cht^mical manutacturer's best lu'uteiiaiit. The secret 
of chemical engineering success is tlic coiiihination of the two 
classes of h'chnicHl expt'rience. We Juive known typical ex¬ 
amples ol both processes of evolution, and tlie result has been 
equally satisfaid-ory in each instance. 



APPENDIX IJ. 

THF. SAW MILL AND B()\-MAKJN(; DDPAllTMKNT. 

As an adjunct to a factory where the products require to lie 
packed in boxes, a saw-mill and box-makiii}' department is ne¬ 
cessary. Followinj* the usual procedure with respect to otlier 
manufactured articles, of passing from t!u; raw material to the 
finished produc-t—m tliis case th<‘ rouoli timlier bein;^ the raw 
material and the finished product tlie boxes--tlie most suitable 
arrangeimait is to have the roiijih timber ston'd close to the 
sidino where it is uuioaded. V<iry few firms buy tb(i timber in 
the loj;, but cuiiUml themselves with pnrchasin^f it in tli(< Ht. 
IN^terslmi'}' standard of battens or fdanks; or, wlicre a cdieaper 
supply of tinil)cr suitable for box-making is available in the 
shape of the rough (‘nds of sleepers, it is eommon in this latter 
case to buy the timber by the fathom. Leading from this store, 
which will of course lie proportioiu'd as to size according to the 
oiUput of the factory, tlm saw-inill is placed next to it. 

A row of cross-cut benches will bc' the first machiuos to lay 
down, as the timber, on leaving the store, is ent up into suitable 
blocks, from which tlie hoards for forming the sides and ends of 
the boxes will be afterwards ent. Ample room should Ix' left 
betw('('ii those saw-lumches, so that m sawing Uf) a plank into 
the various lengtlis ther<- will lie no risk of one saw-bench foul¬ 
ing another, and in this coniu'ction the room reijuired for piling 
the sawn-up.blocks as tlu'y are cut from the planks should he 
provided for. 

If tlio saws art* parallel with one another, a pit for taking 
the sawdust may be placed underground, running the whole 
length of the range of saws, and the saws placed over the pits 
on girders. Such an arrangement as this would lend itstdf 
moat readily to the employment of mechanical means for con¬ 
veying the sawdust to hoppers where it can be stored for use, or 
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conveyed to boilers where it may be burned as fuel, Where a 
very large quantity of sawdust is made, it might be advisable to 
consider whether it would pay to put down a wood distillation 
plant. Amongst several other uses for sawdust is that of the 
manufacture of fire-lighters, while a good deal is generally dis¬ 
posed of for local purposes. 

Behind the range of cross-cut saws is placed a further range 
of circular saws, for cutting the rough blocks into suitable 
thicknesses to form the several parts of the boxes. If dove¬ 
tailing and planing are required, these machines will be next in 
order, but ,for many purposes the boxes are sufficiently finished 
if made up of the timber as it leaves the saw-bench, and it only 
remains for the several parts to Ik* passed on to the box-nailing 
machines. In our suggested plan of a saw-mill, wc have only 
taken into consideration the production of boxes made in the 
rough, and therefore only requiring the saw-benches and box- 
nailing machines to complete the boxes ready for the store. 

As adjuncts to the box-making department, a printing press 
may be required, or a branding department, but these can easily 
be added to the suggested design. 

Where electricity is the motive power the counter-shaft for 
the saws may run at a high speed, as there would be no advan¬ 
tage in reducing the speed from the motor to a counter-shaft, 
and again increasing it to the saws, as most of these will be 
running at from HOO to 1000 revolutiou.s per niiJiut(>. A counter¬ 
shaft will be ne(5ded for the box-nailiiig machines, as these 
only run at something like sixty to eighty revolutions per 
minute. 

In many factories where the products are packed in boxes, 
and even where a sawmill is installed, it is customary to buy the 
component parts of the Vioxes all ready for putting together. 
These parts can be purchased either in the rough, or planed or 
dove-tailed, and stamped with name or brand, and in this case it 
is customary to fix a piecework price for the carpenters to put 
the boxes tc^ether, prices naturally varying according to the 
amount of labour required, as to whether the box is put together 
with screws, nailed, or the lids strengthened with liattens, or 
any additions of this nature. In some cases boxes are made 
with rope handles, in which case the fixing of these is an extra. 
Again, the boxes arc sometimes required to be watertight, when 
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they are passed on from the sawmill to the plumber to. lead-line^ 
and this operation in some works becomes a lar^ department. 

It will of course be necessary to keep down as far as possible 
the stock of ready-made boxes, as the space occupied by a large 
stock is very great, and in most cases the supply is so well regu¬ 
lated to the demand as not to cause any great storage to be 
necessary. 

The low cost at which foreign boxes, all ready for making 
up, can be procured, should be carefully taken into considera¬ 
tion where only a limited supply is required before putting 
down a mill for tbeir production, unless sizes are«apt to vary 
frequently. 

Box(^ used in tho explosives trade are generally well finished, 
in some cases planed both sides, but in any case planed on one 
side. They are usually dove-tailed and put together with brass 
screws. The commoner boxes are sometimes nailed together 
with copper nails, but no iron nails or screws are permissible. 



A]»PENj)IX HI. 

THK ALKALI, TCTC-WOKKS UEdLLATlON ACT. 

1.- A1jK.\li Works and Alk\u Wastk. 

1. —(J) T>v<>iy alkali work shall 1m‘ ('arn<‘<l on in suoli maniior 
as to sftcun' tho ooiidonsation, to the satisfaciion ol tht* chief 
ins])(rlor, of tlu' niuriatic gas (‘volved in such work, to the 
extent ol tkO jicr eentuui, and to such an extent that ill each 
cubie foot of air, siiiokt', or chiimiev gases, escaping from tin 
works into the atmosphere, then' is not contained mon' than one- 
tifth jiart of a grain of munatic acid. 

(2) The owner of any alkali work Mhieh is carried on in 
contravention ol this section shall he liable to a fine not exceed¬ 
ing, in the casi' of the lirst otfenci', ioO. and in the casi'of every 
suhsiHjiient olfeiice .tlOO. 

2. —(1) In addition to tbi' eoiuh'nsation of muriatic acid gas 
as aforesaid, the owner of every alkali work shall use the liest 
jiractieahk' nii'ans for preventing the esea])<’ of noxious or 
olleiisivi' gasi'K hy the exit Hue of any a})panitus used m any 
proci’ss earried on m the work, and for preventing the discharge 
(d such gases into the atmos])here, whi'ther du'cctly or hy a 
chimney or other outlet, and for rendering such gases where 
discharged harmless and inoffensive, Riihiixd to the (|inililication 
that, on the basis of the amount of the acid gas per cnlnc foot, 
no objection shall be taken under this si'ction hy an inspector to 
any murijitic aeid gas in the air, smoke, or gases discharged into 
the atm(>s])h('i<' hy a chimiii'y or other outlet where the amount 
of such acid gas in each cuhic fool of air, smoke, or gases so 
dischargtxl dfs's not (‘xceed the amomit limited hy the last 
preceding wxdion. 

(2) If the owner of any alkali work fails, in the opinion of 
the court having cognisance of tlie matter, to use such means, 
he shall he liable to a line not exceeding, in the case of the first 
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offence, £20, and in the case of every snbseqnent offence, fSO, 
with a further sum not exceeding £5 for every day during which 
any subsequent offence has continued. 

8.—(1) Every work of whatever description in which any 
liquid containing either acid or any substance capable of liberat¬ 
ing sulphuretted hydrogen from alkaji waste cr drainage there¬ 
from is produced or used shall be carried on in such manner 
that the liquid shall not come in contact with alkali waste, or 
with drainage therefrom, so as to cause a nuisance. 

(2) The owner of any work which is carried on io contraven¬ 
tion of this section shall bo liable to a line not exceeding, in 
the case of the first offence, £50, and in the case of every subse¬ 
quent offence, £100, with a further sum not exceeding £5 for 
every day during which the offence has continued. 

(3) On the request of the owner of any such work as is men¬ 
tioned in this section the sanitary authority of the district in 
which such work is situate shall, at the expense of such owner 
provide and maintain a drain or channel for carrying off such 
liquid into the sea or into any river or watercourse into which 
the liquid can be carried without contravention of the Eivers 
Pollution Act, 187C, as amended by any subsequent enactment; 
and the sanitary authority shall for the purpose of providing any 
such drain or channel have the like powers as they have for 
providing sewers within or without their district, under the 
Public Health Act. 

(4) Compensation shall be made to any person for any damage 
sustained by him by reason of the exorcise by a sanitary authority 
of the powers conferred by this section, and such compensation 
shall be deemed part of the expenses to be paid by the owner 
making the request to the sanitary authority under this section. 

4. —(1) Alkali waste shall not be deposited or discharged 
without the best practical means being used for effectually pre¬ 
venting any •nuisance arising therefrom. 

(2) Any person who causes or knowingly permits any alkali 
waste to be deposited or discharged in contravention of this 
section shall be liable to a fine not exceeding, in the case of the 
first offence, £'20, and in the case of every subsequent offence, 
£50, with a further sum not exceeding £5 for every day during 
which any such subsequent offence has continued. 

5. —Where alkali waste has been deposited or discharged, 

12 
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either before or after the commencement of this Act, and com¬ 
plaint is made to the chief inspector that a nuisance is occa¬ 
sioned thereby, the chief inspector, if satished of the existence 
of the nuisance, and that it is within the power of the owner or 
occupier of the land to abate it, shall serve a notice on such 
owner or occupier requiring him to abate the nuisance; and 
if such owner or occupier fails to use the best practicable and 
reasonably available means for the abatement thereof he shall 
be liable to a fine not exceeding £20, and if he docs not proceed 
to use sucl) means within such time as may be limited by the 
court inflicting such fine he shall be liable to a further penalty 
not exceeding £5 for every day after the expiration of the time 
so limited during which such failure continues. 

Part IT. —Sulphuric Acid, Muriatic Acid, and Other 
Specified Works. 

6. —(1) livery sulphuric acid work, as defined in paragraph 

(1) of the First Schedule to this Act shall be carried on in such 
manner as to secure the condensation, to the satisfaction of the 
chief inspector, of the acid gases of sulphur or of sulphur and 
nitrogen which are evolveil in the process of the manufacture of 
sulphuric acid in that work, to such an extent that the total 
acidity of those gases in each cubic foot of residual gases after 
completion of the process, and before admixture with air, smoke, 
or other gases, does not exceed what is equivalent to four grains 
of sulphuric anhydride. 

(2) Every muriatic acid work, as defined in paragraph (8) of 
the First Schedule to this Act, shall be carried on in such man¬ 
ner as to secure the condensation to the satisfaction of the chief 
inspector of the muriatic acid gas evolved in such work, to such 
extent that in each cubic foot of air, smoke, or chimney gases 
escaping from the work into the atmosphere, there is not con¬ 
tained more than one-fifth part of a grain of muriatic acid. 

(3) The owner of any sulphuric acid work, or of any muriatic 
acid work which is carried on in contravention of this section, 
shall be liable to a fine not exceeding, in the case of the first 
offence, £50, and, in the case of every subsequent offence, £100. 

7. -^1) The owner of any work specified in the First Sche¬ 
dule to this Act (hereinafter referred to as a scheduled work) 
shall use the best practicable means for preventing the escape of 
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noxious or offensive gases by the exit flue of any apparatus used 
in any process carried on in the work, and for preventing the 
discharge of such gases into the atmosphere, whether directly 
or by a chimney or other outlet, and for rendering such gases 
where discharged harmless and inoffensive, subject to the 
qualiffcation, that on the basis of the amount of acid gas per 
cubic foot, no objection shall be taken under this section by an 
inspector:— 

(а) To any muriatic acid gas in the air, smoke, or gases dis¬ 
charged into the atmosphere by a chimney or other odtlet, where 
the amount of such acid gas in each cubic foot of air, smoke, or 
gases so discharged does not exceed the amount limited by the 
last preceding section. 

(б) To any acid gases in the air, smoke, or gases discharged 
into the atmosphere by a chimney or other outlet receiving the 
residual gases from any proci'ss for the concentration or dis¬ 
tillation of sulphuric acid, where the total acidity of such acid 
gases (including those from the combustion of coal) in each 
cubic foot of air, smoke, or gases so discharged does not ex¬ 
ceed what is equivalent to one grain and a half of sulphuric 
anhydride. 

(2) If the owner of any such work fails, in the opinion of the 
court having cognizance of the matter, to use such means, he 
shall be liable to a fine not exceeding, in the case of the first 
offence, £20, and, in the case of every subsequent offence, £50, 
with a further sum not exceeding £5 for every day during which 
any such subsequent offence has continued. 

8.—(1) An inspector may inquire whether, in any works in 
which aluminous deposits are treated for the purpose of making 
cement, hereinafter called cement works, means can be adopted 
at a reasonable expense for preventing the discharge from the 
furnaces or chirnneys of such works into the atmosphere of any 
noxious or offensive gas evolved in such works, or for rendering 
such gas where discharged harmless or inoffensive. 

(2) Where it appears to the Local Government Board that 
such m^ns can be adopted at a reasonable expense, the Board 
may by order require the owners of such works to adopt the 
best practicable means for the purpose, and may by the order 
limit the amount or proportion, in the case of cement works of 
any noxious or offensive gas, which is to be permitted to escape 
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from such works into the chimney or into the atmosphere, and 
may also by the order extend to s^ich works such provisions of 
this Act relating to scheduled works as they think fit. 

(3) An order made under this section shall be provisional 
only, and shall not be of any validity until confirmed by Parlia* 
ment, but wh^n so confirmed shall have full effect, with such 
modification as may be made therein by Parliament; and the 
expression " this Act when used in this Act shall be deemed 
to include an order so confirmed, so far as is consistent with the 
tenor of that order. 

(4) The Board shall take such steps as they may think fit 
for giving notice to persons interested of the provisions of any 
order made by them under this section before any bill for con* 
firming the same is introduced into Parliament. 

(5) An order made under this section may impose fines for a 
breach of its provisions of like amount as any fines jmposed oy 
this Act for offences against this Act. 

(6) An order made under this section may be repealed, 
altered, or amended by any subsequent order made under this 
section, and confirmed by Parliament. 

Pant III.— (i) Registuation of Works. 

0.—(1) An alkali work, a scheduled work, or cement work, 
shall not be carried on unless it is certified to be registered. 

(2) The work shall be registered in a register containing the 
prt'seribed particulars, and the register shall be conducted and 
the certificates issued in the prescribed form. 

(3) A certificate of registration, if issued at a time when a 
previous certificate is in force, shall bo in force for one year 
after the time when that certificate ceases to be in force, and if 
issued at a time when no previous certificate is in force shall be 
in force until the following first day of April. 

(4) An application for a certificate of registration of a work 
may, in the case of the first registration of that work, be made 
at any time, and an application for any subsequent certificate 
shall be made in the month of January or February. 

(5) A certificate of registration shall be issued on application 
being made in the prescribed manner by the owner of the work, 
if the conditions of registration are complied with, and one of. 
the conditions, in the case of the first registration of an alkali 
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or scheduled work, or the registration of such a work if the 
work has been closed for a period of twelve months previously, 
shall be that the work is at the time of r^stration furnished 
with such appliances as appear to the chief inspector or, on 
appeal, to the Local Government Board to be necessary in order 
to enable the work to be carried on in accordance with such of 
the requirements of this Act as apply to the work. 

Provided that the Local Government Board may dispense 
with the last-mentioned condition in the case of works erected 
before the commencement of this Act which were not before 
the commencement of this Ant required to be registered. 

(6) There shall be charged upon every- such certificate a 
stamp duty of £5 in the case of an alkali work, and of £3 in the 
case of any other work; and the Commissioners of Inland Bev- 
enue shall issue stamped forms of certificate for the purpose. 

(7) Written notice of any change which occurs in the 
ownership of a work, or in the other particulars stated in the 
register shall within one month after such change be sent by 
the owner to the Local Government Board, and the register 
and the certificate shall be altered accordingly in the prescribed 
manner without charge and without the issue of a new certi¬ 
ficate. If such notice is not sent as so required, the work shall 
not be deemed to be certified to be registered. 

(8) The owner of a work which has been carried on in con¬ 
travention of this section shall be liable to a fine not exceeding 


£50. 


(ii) Inspection. 


(10).—1 The Local Government Board shall, with the ap¬ 
proval of the Treasury as to numbers and salaries or remunera¬ 
tion, appoint such inspectors (under whatever title they may fix) 
as the Board think necessary for the execution of this Act, and 
may assign them their duties and award them their salaries or 
remuneration, and shall constitute a chief inspector, and may 
regulate the cases and manner in which the inspectors are to 
execute and perform the powers and duties of inspectors under 
this Act, and may remove such inspectors. 

(2) Notice of the appointment of every such inspector shall 
be published in the London Gazette,” and a copy of the 
“Ga^ttc” shall be'evidence of the appointment. 

(3) The salaries or remuneration of the inspectors, and such 
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cx{}ense8 of the Execution of this Act as the Treasury may 
sanction, shall be paid out of moneys provided by Parliament. 

(4) A person holding the office of chief inspector or inspector 
shall not be employed in any other work except with the sanc¬ 
tion of the Local Government Board, 
n. —A person who— 

(a) acts or practises as a land agent; or 

(b) is engaged or interested directly or indirectly in any 

work to which this Act applies, or in any patent for 
any process or apparatus carried on or used in any 
such work, or in any process or apparatus connected 
with the condensation of acid gases, or with the 
treatment of alkali waste, or with preventing the 
discharge into the atmosphere or rendering harm¬ 
less or inofifciisive any noxious or offensive gas, or 
otherwise with any of the matters dealt with by this 
Act; or 

(c) is employed in or about or in connection with any 

work to which this Act applies, or in any other 
chemical work for gain, 

shall be disqualified to act as an inspector under this Act. 

12.—(1) For the purpose of the execution of this Act, an in* 
spector may at all reasonable times by day and night, without 
giving previous notice, but so as not to interrupt the process of 
the manufacture, 

(a) enter and inspect any work to which, in the opinion 

of the Local Government Board, any of the pro¬ 
visions of this Act applies; and 

(b) examine any process causing the evolution of any 

noxious or offensive gas, and any apparatus for 
condensing any such gas, or otherwise preventing 
the discharge thereof into the atmosphere, or for 
rendering any such gas harmless or inoffensive when 
discharged; and 

(o) ascertain the quantity of gas discharged into the at¬ 
mosphere, condensed or otherwise dealt with; and 

(d) enter and inspect any place where alkali waste is 

treated or deposited, or any liquid containing either 
acid or any other substance Capable of liberating 
suljihmetted hydrogen from alkali waste or drainage 
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therefrom is likely to come into contact with alk'ali 
waste or drainage therefrom; and 
(e) apply any such tests and make any such experiments, 
and generally make any such inquiries, as seem to 
him to be necessary or proper for the execution of 
his duties under this Act. 

(2) The owner of any such work shall, on the demand of the 
chief inspector, furnish him within a reasonable time with a 
sketch plan, to bo kept stsCret, of those parts of such work in 
which any process causing the evolution of any noxious or offen¬ 
sive gas or any process for the condensation of suc^i gas, or for 
pr(5venting the discharge thereof into the atmosphere, or for 
rendering any such gas harmless or inoffensive when discharged 
is carried on. 

(3) The owner of every such work and his agents shall ren¬ 
der to every inspector all necessary facilities for entry, inspection, 
examination and testing in pursuance of this Act. 

(4) Every owner jf a work in which such facilities are not 
afforded to an inspector as re(juired by this Act, or in which an 
inspector is obstructed in the execution of his duty under this 
Act, and every person wilfully obstructing an inspector in the 
execution of his duly under this Act, shall be liable on con¬ 
viction under the Summary Jurisdiction Acts to a fine not 
exceeding £10. 

13. —The chief inspector shall, on or before the Ist day of 
March in every year, make a report in writing to the Local 
Oovernnient Board of the proceedings of himself and of the 
other inspectors under this Act, and a copy of such report shall 
be laid before both Houses of Parliament. 

14. —(1) If any sanitary authority apply to the central 
authority for an additional inspector under this Act, and under¬ 
take to pay a proportion of his salary or remuneration, not 
being less than one-half, the Local Government Board may 
<if they sed fit), with the sanction of the Treasury, appoint 
an aditional inspector under this Act, to reside within a con¬ 
venient distance of the works he is required to inspect; and 
such inspector shall have the same powers and be subject to the 
same power of removal and the same regulations and liabilities 
as other inspectors under this Act. 

(2) The proportion of salary or remuneration aforesaid shall 
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he paid at prescribed times into the Exchequer, and shall be a 
debt due from the sanitary authority to the Grown. 

(iii) Special Bulbs. 

15.—(1) The owner of an alkali work, or of a scheduled work, 
may, with the sanction of the central authority, make special 
rules for the guidance of his workmen who are employed in or 
in connection with any process causing the evolution of any 
noxious or offensive gas, or in or in connection with the con¬ 
densation or other treatment of that gas, and may annex fines 
to any violation of such rules, so that the fine for any offence do 
not exceed £2. 

(2) A printed copy of the special rules in force under this 
section in any work shall be given by the owner of that work to 
every person working or employed in or about that work who is 
affected thereby. 

(3) Any fine incurred under this Act in respect of an offencj 
a^inst a special rule may be recovered in accordance with the 
Summary Jurisdiction Acts. 

(iv) rROCEDURE. 

16. —In calculating the proportion of acid to a cubic foot of 
air, smoke, or gases, for the purpose of this Act, such air, smoke, 
or gases shall be calculated at the temperature of 60 degrees 
of Fahrenheit’s thermometer, and at a barometric pressure of 
30 inches. 

17. —The following regulations shall hav(i effect with respect 
to the recovery of fines for offences under this Act other than 
fines recoverable summarily. 

(1) Every such fine shall be recovered by action in the comity 
court having jurisdiction in the district in which the offence is 
alleged to have been committed. 

(2) The action shall not be brought without the sanction of 
the central authority, nor by any person other than the chief 
inspector or such other inspector as. the Local Government 
Board may in any particular case direct, nor, except as respects 
a fine for the contravention of the provisions of this Act as to 
the registration of works, after the expiration of three months 
from the commission of the offence, and for the purposes of such 
action the fine shall be deemed to be a debt due to such inspector. 
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(3) The plaintiff in any action for a fine hnder*this Act shall*' 
be presumed to be an inspector authori^ted under this Act to 
bring the action, until the contrary is proved by the defendant. 

(4) The court may on the application of either party, appoint 
a person to Cake down in writing the evidence of the witnesses, 
and may award to that person such remuneration as the court 
thinks just; and the amount so awarded shall be deemed to be 
costs in the action. 

(5) If either party in any action under this Act, feels ag¬ 
grieved by the decision or the direction of the court in point of 
law, or on the merits or in respect of the admission or rejection 
of any evidence, he may appeal to the High Court. 

(6) Subject to the provisions of this section, all the enact¬ 
ments, rules and orders relating to proceedings in actions in 
county courts, and to enforcing judgments in county courts, and 
to appeals shall apply as if the action related to a matter within 
the ordinary jurisdiction of the court. 

18.—(1) In any proceeding under this Act in relation to a fine 
for an offence other than an offence against a special rule:— 

(a) It shall be sufficient to allege that any work is a work 
to which this Act applies, without more; and 

(h) It shall be sufficient to state the name of the registered 
or ostensible owner of the work, or the title of the firm 
by which the employer of persons in such work is generally 
known. 

(2) A person shall not be subject to a fine under this Act for 
more than one offence in respect of the same work or place in 
respect of any one day. 

(8) Not less than twenty-one days before the hearing of any 
proceeding against an owner to recover a fine under this Act 
for failing to secure the condensation of any gas to the satis¬ 
faction of the chief inspector, or for failing to use the best 
practicable means as required by this Act, an inspector shall 
serve on the owner proceeded against a notice in writing stating, 
as the case requires, either the facts on which such chief in¬ 
spector founds his opinion, or the means which such owner 
has failed to use, and the means which, in the chief inspector’s 
opinion would suffice, and shall produce a copy of such notice 
before the court having cognisance of the matter. 

. (4) A person shall not be liable under this Act to an increased 
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fine in respect o£ a*second offence, or in respect of a third or any 
subsequent offence, unless a fine has been recovered within the 
preceding twelve months against such person for the first of¬ 
fence or the second or other offence, as the case may be. 

19. —All fines recovered under this Act, other than fines 
recovered summarilj', shall be paid into the Exchequer. 

20. —The owner of a work in which an offence under this Act 
other than an offence against a special rule has been proved to 
have been oomniittod shall in every case be deemed to have 
committed the offence, and shall be liable to pay the fine, unless 
he proves to the satisfaction of the court before which any pro¬ 
ceeding is instituted to recover such fine, that he has used due 
diligence to comply with and to (Uiforce the execution of this A(;t, 
and that the offence in question was committed, without his 
knowledge, consent, or connivance, by some agent, servant, or 
w’orkmau, whom he shall name as the a<!tual otfciider; in 
which case such agent, servant, or workman shall be liable tf 
pay the fine, and proceedings may be taken against him for the 
recovery thereof and of the costs of all pra(;oedings which may 
bt! taken either against himself or against the owner under the 
Act: 

Provided that it shall be lawful for the inspector to proceed 
against the person whom he believes to be the actual offender, 
without first proceeding against the owner, in any case where 
the inspector is satisfied that the owner has used all due dili¬ 
gence to comply with and to enforce the provisions of this Act, 
and that the offence has been committed by that person without 
the knowledge, consent, or connivance of the owner. 

2V —Any notice, summons, or other document required or 
authorized for the purposes of this Act to be delivered to or 
served on or sent to the owner of any work, may be served by 
post or by delivering the same to the owner, or at his residence 
or works; and the document shall be deemed to be properly 
addressed if addressed to the registered address of an owner, 
or when required to be served on or sent to the owner of any 
works, if addressed to the owner of the works at the works, with 
the addition of the proper postal address, but without naming 
the person who is owner. 

22.—(1) Where complaint is made to the central authority 
by any sanitary authority, or information is given by any of 
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their officers or any ten inhal)itant8 of theit district, that any 
work to which this Act applies is carried on (either within or 
without the district) in contravention of this Act or that any 
alkali waste is deposited or discharged (either within or without 
the district) in (sontravention of this Act, and that a nuisance is 
occasioned thereby to any of the inhabitants of their district, 
the central authority shall make such inquiry into the matters 
complained of, and after the inquiry may direct such proceed¬ 
ings to be taken by an inspector as they think fit and just. 

(2) The sanitary authority complaining shall if so required 
by the central authority, pay the expense of such iiyjuiry. 

23. —(1) Where a nuisance arising from a discharge of any 
noxious or offensive gas or gases is wholly or partially caused by 
the acts or defaults of the owiie-rs of several works to which 
any of the provisions of this Act apjilies, any person injured by 
such nuisance may proceed against any one or more of such 
owners, and may recover damage's from each owner made a 
defendant in proportion to the extent of the contribution of that 
defendant to the nuisance^ notwithstanding that the Act or 
default of that defendant would not separately have caused a 
nuisance. 

(2) This section shall not authorize the recovery of damages 
from any defendant who can produce a certificate from the chief 
inspector that in the works of that defendant the requirements 
of this Act have been complied with when the nuisance arose. 

(v) Miscellaneous. 

24. —Any expenses incurred by a sanitary authority under 
this Act shall be defrayed as general expenses incurred by the 
authority in the execution of the Public Health Act. 

25. —Li determining any matter which under this Act is to 
be determined by the chief inspector, the chief inspector may 
found bis opinion on facts disclosed by his own examination, or 
by an examination by any other inspector. 

26. —(1) For a period of three years after the commence¬ 
ment of this Act, paragraph (6) of section 7 of this Act shall 
apply where the process for the concentration of sulphuric acid 
is that^known as the overheat pan process, as if in that para¬ 
graph two grains of sulphuric anhydride were substituted for 
one grain and a half of sulphuric anhydride. 
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(2) For tte puiposes of this section “the overheat pan pro- 
dess ” means the process in which the concentration of sulphuric 
acid is effected by the passage of the heated gases resulting from 
the combustion of fuel over the surface of the acid, 

27.—(1) In this Act, unless the context otherwise requires, 
the expression “ alkali work ” means every work for— 

(а) the manufacture of sulphate of soda or sulphate of 

potash; or 

(б) the treatment of copper ores by common salt or other 

chlorides whereby any sulphate is formed, or in which 
muriatic acid gas is evolved. The expression “ noxi¬ 
ous or offensive gas" includes the following gasea 
and fumes : muriatic acid ; sulphuric acid; suU 
phurous acid, except that arising solely from the 
combustion of coal; nitric acid and acid-forming 
oxides of nitrogen; sulphuretted hydrogen; chlorine 
and its acid compounds; fluorine compounds; cyp.i- 
ogen compounds; bisulpliide of carbon; chloride 
of sulphur; fumes from cement works; fumes con¬ 
taining lead, copper, antimony, arsenic, ^^inc, or 
their compounds; fumes from tar works. 

The expression “owner" includes any lessee, occupier, 
or any other person carrying on any work to which this Act 
applies. 

The expression “best practicable means,” where used with 
respect to the prevention of the escape of noxious and offensive 
gases, has reference not only to the provision and the efficient 
maintenance of appliances adequate for preventing such escape, 
but also to the manner in which such appliances are used and 
to the proper supervision, by the owner, of any operation in 
which such gases are evolved. 

The expression “ prescribed " means prescribed by the Local 
Government Board. 

The expression “Local Government Board"• means the 
Local Government Board established by the Local Govern¬ 
ment Board Act, 1871. 

The expression “ central authority " means as reganis Eng¬ 
land the Local Government Board, as regards Ireland the 
Local Government Board for Ireland, and as regards Scotland 
the Secretary for Scotland. 
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The expression “ sanitary authority " means any local au¬ 
thority entrusted with the execution of the Public Health Act. 

The expression “ the Public Health Act ” means, as regards 
England, the Public Health Act, 1875, or, in the case of London, 
the Public Health (London) Act, 1891; and, as regards Scot¬ 
land, the Public Health (Scotland) Act, 1897 ; and, as regards 
Ireland, the Public Health (Ireland) Act, 1878, and includes any 
enactment amending those Acts. 

-(2) Nothing in this Act shall be construed as exempting any 
work from any provisions of this Act applicable to^the work as 
being a work of a certain class or description by reason only 
that the work is subject to other provisions of this Act as being 
a work of some other class or description. 

28. —In the application of this Act to Scotland :— 

(а) Nofereuces to the Secretary for Scotland shall be 

substituted for references to the Local Government 
Board, and references to the Edinburgh Gazette 
shall be substituted for references to the “ London 
Gaz(5tte ” ; 

(б) the court of the sheriff or the sheriff substitute of the 

county in which the offence is committed shall be 
tlio county court, and may award costs to either 
party, and may sentence th(5 (offender to imprison¬ 
ment for any period not exceeding six months, 
unless the fine and costs be previously paid; and 
any decision or sentence of such sheriff or sheriff- 
substitute shall be subject to review and appeal 
according to law. 

29. —Nothing in this Act shall legalize any act or default 
that would, but for this Act, be deemed to be a nuisance, or 
otherwise be contrary to law, or deprive any person of any 
reme<]ly by action, indictment, or otherwise, to which he would 
have been'entitled if this Act had not passed. 

30. —The Acts specified in the Second Schedule to this Act 
are hereby repealed to the extent mentioned in the third colunm 
of the Schedule. 

P/ovided that:— 

(a) Nothing in this Act shall affect any certificate, special 
rule, or notice issued, made, or served before the 
commencement of this Act, in pursuance of any 
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enactment so repealed, but every such certificate, 
special rule, and notice shall continue in force as if 
issued, made, or served in pursuance of this Act; and 
(!>) Nothing in this Act shall afiect the tenure of office of 
any inspector appointed under any enactment so 
repealed, but every such inspector shall hold office 
as if appointed under this Act; and 
(c) Nothing in this Act shall affect any liability of a 
sanitary authority incurred under any enactment 
so repealed to pay any proportion of the salary or 
remuneration of an additional inspector. 

First Schedule.—List op Works. 

(1) Sulphuric acid works, that is to say, works in which the 
manufacture of sulphuric acid is carried on by the lead-chamber 
process, namely, the process by which sulphurous acid is con¬ 
verted into sulphuric acid by the agency of oxides of nitrogen 
and by the use of a load-chamber. 

(2) Sulphuric acid (Class II) works, that is to say, works in 
which the manufacture of sulphuric acid is carried on by any 
process other than the load-chamber process, and works for the 
concentration or distillation of sulphuric acid. 

(3) Chemical manure works, that is to say, works in which 
the manufacture of chemical manure is carried on and works 
in which any mineral phosphate is subjected to treatment in¬ 
volving chemical change through the application or use of any 
acid. 

(4) (3a8-liquor works, that is to say, works (not being sul¬ 
phate of ammonia works or muriate of ammonia works) in 
which sulphuretted hydrogen or any other noxious or offensive 
gas is evolved by the use of ammonical liquor in any manufac¬ 
turing process, and works in which any such liquor is desul¬ 
phurized by the application of heat in any process connected 
with the purification of gas. 

(5) Nitric acid works, that is to say, works in which the 

manufacture of nitric acid is carried on and works in which 
nitric acid is recovered from oxides of nitrogen. ^ 

(6) Sulphate of ammonia works and muriate of ammonia 
works, that is to say, works in which the manufacture of sulphate 
of ammonia or muriate of ammonia is carried oa 
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(7) Chlorine works, that is to say, works in which chlorine 
is made or used in any manufacturing process. 

(8) Muriatic acid works, that is to say:— 

(a) Muriatic acid works, or works (not being alkali works 
as defined in this Act) where muriatic acid gas is 
evolved either during the preparation of liquid mu¬ 
riatic acid or for use in any manufacturing process; 

(b) tin plate flux works, that is to say, works in which 

any residue or flux from tin plate works is calcined 
for the utilization of such residue or flux, and in 
which muriatic acid gas is evolved; and 

(c) salt works, that is to say, works (not being works in 

which salt is produced by refining rock salt, other¬ 
wise than by the dissolution of rock salt at the place 
of deposit), in which the extraction of salt from 
brine is carried on, and in which muriatic acid gas 
is evolved. 

(9) Sulphide works, that is to say, works in which sulphu¬ 
retted hydrogen is evolved by the decomposition of metallic 
sulphides, or in which sulphuretted hydrogen is used in the 
production of such sulphides. 

(10) Alkali waste works, that is to say, works in which 
alkali waste or the drainage therefrom is subjected to any 
chemical process for the recovery of sulphur or for the utili¬ 
zation of any constituent of such waste or drainage. 

(11) Venetian-red works, that is to say, works for the 
manufacture of Venetian red, crocus, or polishing powder, by 
heating sulphate or some other salt of iron. 

(12) Lead deposit works, that is to say, works in which the 
sulphate of lead deposit from sulphuric acid chambere is dried 
or smelted. 

(13) Arsenic works, that is to say, works for the preparation 
of arsenious acid, or where nitric acid or a nitrate is used in the 
manufacture of an arsenic acid or an arseniate. 

(14) Nitrate and chloride of iron works, that is to say, works 
in which nitric acid or a nitrate is used in the manufacture of 
nitrate or chloride of iron. 

(15) Bisulphide of carbon works, that is to say, works for 
the manufacture of bisulphide of carbon. 

(16) Sulphocyanide works, that is to say, works in which the 
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xhanufacture of any sulphocyanide is carried on by the reaction 
of bisulphide of carbon upon ammonia' or any of its compounds. 

(17) Picric acid works, that is to say, works in which nitric 
acid or a nitrate is used in the manufacture of picric acid. 

(18) Paraffin oil works, that is to say, works in which crude 
shale oil is refined. 

(19) Bisulphite works, that is to say, works in which sul¬ 
phurous acid is used in the manufacture of acid sulphites of the 
alkalis or alkaline earths. 

(20) Tar works, that is to say, works where gas itar or cool 
tar is distilled or is heated in any manufacturing process. 

(21) Zinc works, that is to say, works in which by the appli¬ 
cation of heat zinc is extracted from the ore, or from any 
residue containing that metal. 


Second Schedule.—Bepeals. 


SKOTION AKD OHAPTSIt. 


SHMit'C Titlk. 


EnTRNT OPilBl’KAt. 


44 & 46 Viet., c. 37. 

47 & 48 Vict., 0 . 
elvii. 


55 & 50 Viet., c. 30. 


The Alkali, etc., Works Uc- 
gnlatioii Act, 1881. 

The Local (lovemmeut 
Board’s Provisioual Order 
Coufirmatioa (Saltworks) 
Act, 1884. 

The Alkali, etc., Works Re¬ 
gulation Act, 1H02. 


The whole Act. 
The whole Act. 


The wliole AcU 



APPENDIX IV. 

“ WELPAKE WORK ” OB “ PROSPERITY SHARING ” 

The authors believe that the documents rcjprodijced in tlie 
following pages, and the particulars which aj*e there given 
respecting what has been termed “welfare work“ or “pros¬ 
perity sharing” will be of interest to many manufacturers. 
They had originally intended to deal with this matter at greater 
length, as they are of opinion that the expericmce of those firms 
who have acted as the pioneei-s of the movement in this country 
has proved beyond all question that such machinery for secur¬ 
ing efficient and contented workpeople is almost if not quite as 
important as the ordinary plant and machinery of manufactui’e. 
If a second edition of the present work should be called for, 
they will endeavour to devote such attention to the subject as 
it clearly merits. 

The Co-Partnership Scheme at Port Sunlight. 

(liy the courtesy of Messrs. Lever liros., Titd.) 

One thousand and forty-one employees of Lever Brothers, 
Limited, including directors, managers, salesmen, travellers, 
advertising managers, clerks, workmen, labourers, and others 
(male and female alike, there being no sex barrier or distinction), 
who had qualified under the terms of the Lever Brothers Co- 
Partnemhip Scheme, were on July 23, 1909, admitted to co¬ 
partnership by the distribution among them of the first issue 
of Partnership Certificates of the nominal capital value of 
£113,650. 

This was the first distribution of partnership certificates 
under the scheme formulated by Mr. Iiever at the beginning of 
1909, ftnd since approved and passed by the shareholders of 
the company. The scheme contemplates the annual distribu¬ 
tion of partnership certificates to all employes of the company 
13 (193) 
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who have reached the age of twenty-five years, and can show 
a clear record of at least five years’ faithful and loyal service. 
No cash is paid, or financial liability incurred by the employ^, 
and the only obligation devolving on the partner-employes 
is that they sign a form of application for the certificates, which 
embodies an undertaking not to waste time, labour, materials 
or money in the discharge of their duties, but loyally and faith¬ 
fully to further the interests of Lever Brothers, Limited, its 
associated companies, and their co-partners, to the l)e8t of their 
skill and ability. This pledge of the applicants is in accordance 
with the ihotto of the Partnership Trust, “ Waste not, want 
not 

In each future succeeding year a distribution of partnership 
certificates is intended to be made for amounts equal in par 
value to ajiproximately 10 per cent of the annual salary or 
wages of the employes, to whom they may be continued unt'l 
the holder has accuiQuiat(;d the maximum amount obtainable 
in each class according to a scale set out in tlie Trust Leed. 
This maximum may equal a nominal amount of from two to 
four years’ total salary or wages of th(^ employe. But the 
trustees have the discretion to vary the allotments according to 
the merits of the applicants, the decision of the trustees being 
subject to an appeal in the first place to a representative com¬ 
mittee, and, ultimately, to the holder of th(5 ordinary shares, or 
in future the majority holders. 

As the scheme, however, has been made retrospective by 
the founder, a goodly number of certificates in the first distribu¬ 
tion wore for amounts based on the previous one, two, three, 
four, five, six, seven, or eight years’ salary or wages of the 
emi)loye. It has been decided by Mr. Lever to date the scheme 
back to the beginning of the present century, so that any 
present employe who was twenty-five years of age in 1901 
and had been five years or over in service at that date, was 
eligible to receive certificates for eight years. 

Of th{; total number of certificates* issued, 303 were retro¬ 
spective in rcspi^ct of eight years or over, forty-two for seven 
years, eighty-one foi’ six, 123 for five, 159 for four, 131 for three, 
ninety-nine for two, and 103 for one year. In subsequent 
distributions the partnership certificates will, as stated above, 
be for amounts representing approximately 10 per cent of the 
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employe’s salary or wages for the previous year; and the Trust 
Deed provides that in no case shall partnership certificates fpr 
a nominal amount exceeding the total of £600,000 be at any one 
time issued and outstanding, except with the consent in writing 
of the holder of the ordinary shares, or of the majority of the 
ordinary shares, in the company. 

The phrase “issued and outstanding” is explained by a 
provision of the Trust Dt'cd securing that the partnership cer* 
tificatcB shall be cancelled whenever the holder ceases to be an 
employ^ of the company. If he leaves the 8orvi<;e of the finh 
voluntarily from any other cause than ago or peumanent in¬ 
capacity caused by ill-lu'alth, his partnership certificate will be 
surrendered. It is also to he caucell(;d absolutely in case of 
misconduct, flagrant inelhciency, disloyalty, or breach of the 
partnership undertaking. On retirement through age or ill- 
healtli, or superannuation, the jiartnership certificates are to be 
exchangeable, on the terms providwl under the trust, for 5 per 
C(mt preferential cortilicat(!s. The widows of registered holders 
whose partnership cortificati'S are cancelled by death will also 
receive preferimtial certificates on the same basis. 

In addition to the partnership certificates, ])referential cer¬ 
tificates have been issued in favour of widows of employes, and 
in favour of tlui Divine Service Coiniuittoe of Christ Church, 
Port Sunlight—the latter under a provision of the new partner¬ 
ship scheme which enables Mr. Lever, or the future majority 
holder of the ordinary shares, to require “ tlie allotment of pre¬ 
ferential c(srtificates to or for the benefit of any institution, the 
object of which shall be the advantage, betterment, or enjoyment 
of persona in the employ of the company, or of the companies 
associated therewith, including Christ Church of Port Sunlight, 
the Day or Sunday Schools, clubs, parks, and the granting of 
scholarships in connection with the children of such persons ”. 
By this provision is emphasized the fact that the new partner¬ 
ship scheme is the development and continuation of the system 
already in existence at Port Sunlight under the name of pros¬ 
perity-sharing, Tt has been unaccountably assumed by some 
commentators on the partmirship scheme that it will put a stop 
to some of the other forms of prosperity-sharing. This is quite 
erroneous. The previously existing benefits to employes will 
not be affected except in the advantageous way of additional 



196 CHEMICAL WORKS DESIGN AND EQUIPMENT. 

endowment under the provision of the Trust Deed just men¬ 
tioned. The contributions of the firm to the Old Age Pension 
Fund, the Holiday Fund, the provision of trains and tramway 
cars for the girl-workers not living in the village, the main¬ 
tenance of baths, rest-rooms, cottage hospital, gymnasium, clubs, 
and other provision for the health and welfare of the staff, the 
payment of continuation school fees, etc., will continue as 
before. Thcjre will be no deduction of any kind from either 
wages or existing privileges of the workpeople. ‘ ‘ The advantage 
df persons in the employ of the company” is the object of the 
new scheme as declared in the Trust Deed, but with the inten¬ 
tion, always insisted U))on by the founder, of increasing the 
success of the business, of creating the further prosijority in 
which the w’orkers are to share, above all of increasing the 
happiness in business of all the worker's, and promoting industrial 
welfare and efficiency by the (doscr rcdationship of capital, 
management, and labour. 

The partnership and preferential certificates will rank for divi¬ 
dend at the next annual distribution of profits in the following 
manner. The dividends of the preference shareliolders of the 
company having been paid, the holdere of the ordinary shares 
will take 5 per cent on their capital. The preferential certifi¬ 
cates will rank for payment of a 5 per cent dividend. When 
this is paid the remaining profits will be shared pro rata between 
the ordinary shares and the partnership certificates. 

It will be seen that this is not a profit-sharing scheme in the 
ordinary acceptance of that term, and it is hoped that by this 
plan of co-partnership the obstacles to success of so many profit- 
sharing schemes will be overcome. According to (Tovernment 
labour statistics, which were published last year, out of lOJf 
profit-sharing schemes started in this country between 1865 
and 1895 only fifty-one were known to survive in 1907. By the 
provisions of the Lever Brothers’ Co-partnership Trust the em¬ 
ployes have a gradually accumulating interest, represented by 
partnership certificates, in the prosperity of the business under¬ 
taking, and in accordance therewith they will share with the 
shareholders in any fluctuation of prosperity, thus sufiering loss 
of dividends, and the consequent depreciated value of thek hold¬ 
ings, proportionately with the ordinary shareholders, but without 
being called upon to make any cash sacrifice out of their salary 
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or wages to make good losses, or to incur any Bnancial liability 
which they would not be in a position to undertake. The 
scheme does not introduce any confusion between the functions 
of management and labour. The interest of the workers cannot 
be alienated, as their certificates cannot bo bought or sold or 
mortgaged. Their dividends are absolutely their own, free from 
ail control of the management They may be used to acquire 
further interest in the company by investment in the preference 
shares, or put to any other use at the alisolute discretion of the 
holders. The benefits conferred by the certificates cannot be 
varied except by consent of a three-fourths maj^hrity of the 
holders. Although it is of the essence of the scheme that the 
partnership certificates themselves shall cease with employment 
and shall not be transferable or heritable, their exchangeability 
for preferential certificates to the holder in case of retirement, 
or to the widow in case of death, insures a substantial addition to 
old-age pension, and to provision for widowhood. As re^rds 
the children, the partnership certificate holder is naturally in a 
better position to provide for them, and besides the educational 
and social advantages enjoyed by the children living at Port 
Sunlight, “ this businc^ss ” (Mr. Lever has said to the employes) 
“ is open for your children to enter. They can come into the 
business if they wish to be associated with it, and provided there 
is a vacancy for them, and earn their own partnership certifi¬ 
cates in the same way as their fathers have done before them.” 

BoruNviLLE Works StmoESTiON Scheme.—Men’s Depart¬ 
ments. 

{i'ariictilars of thu schema are (jiven here by the emirtesy of Messrs, Cadbury 
Uros., Ltd.) 

The suggestion scheme has been introduced at Bournville 
with the object of encouraging our employes to make sugges¬ 
tions concerning the welfare either of the business or themselves. 
Frbm the very commencement of the scheme we have been 
desirous that all at Bournville should take an active interest 
in everything around them. Suggestions are invited on any 
question connected with the efficient working of the business, 
and the following will indicate on what lines they may be 
made:— 
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' (1) Improvement in goode;— 

(а) New goods. 

(б) Improved quality. 

(c) Improved appearance, either of goods or their wrap¬ 
pings. 

(2) Improvement in method of manufacture:— 

(a) Cheaper methods of manufacture, including the saving 
of material or a reduction of th(5 labour cost. 

(t) Hygiene. Improvements which affect cleanliness in 
the methods of production, or in the health, comfort, 
hr safety of those engaged in manufacturing processes. 

(3) Suggestions appertaining to advertisements or methods 
likely to increase sales. 

(4) Suggestions affecting our social well-being—athletic and 
other clubs, societies, libraries, magazine, etc. 

(5) Any suggostions of whatever character, so long as the y 
bear some relation to, or are connected with, the works at 
Boumville. Awards ranging in value from bs. upwards are 
made twice yearly, at midsummer and Christmas, for sugges¬ 
tions meriting reward. 

Suggestion boxes are fixed in convenient places in nearly all 
the departments, also in dining-room, lodge, youths’ club, and 
pavilion, upon which will be found suggestion books. All com¬ 
munications should be made by means of these books, the sug¬ 
gestion writhm on, or attached to, the form and dropped into 
the box. In case of drawings, etc., send th(uu to the works 
foreman's office. It is imperative that all particulars at the 
head of form, which bears a distinctive number, should be ctuo- 
fully filled in. Forms may be taken from the book and filled in 
at home. These are acknowledged by a weekly notice jxisted 
on the boards, giving a list of the numbers of suggestions re¬ 
ceived for consideration. Should any number not appear on 
this list a communication should at once be sent to the works 
foreman. 

Those who have left the employ of the firm are entitled to 
prizes for any suggestions made whilst they were here, unless 
they should leave througli misconduct. 

When a suggestion is received it is sent to the meniber of 
the committee under whose scope it may come for a report, and 
in no case is the name of the suggester divulged, except in 
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special cases by the consent of the committee. A suggester 
may interview a member of the committee to further explain 
his ideas by stating his desire to do so on the suggestion form. 

Suggestions are considered by the Works Committee, which 
is composed of a director, with representatives of the offices and 
works, and two representatives appointed by the foreman. 

In awarding prizes every effort is made by the committee to 
give each suggestion full consideration, and no prize is awarded 
unless the suggestion has been actually carried out and found 
practicable. The. final judging lists are placed before the firm 
for approval. 

A complete record of all the suggestions made by each em¬ 
ploye, whether accepted or declined, is kept, together with 
prizes awarded. 

Suggesters should not los(i sight of the fact that the greatest 
good whicli they accomplish by making these suggestions is not 
alone their pecuniary value to the firm, or the monetary prize 
awarded. The real achievement is the development of menial 
and creative power which makes them more valuable and useful 
workmen. 

All suggestions, ideas, etc., are regarded as confidential and 
are the property of the firm. 

Any information required regarding suggestions can lie ob¬ 
tained from the works foreman’s office. 

KnUC^ATION. 

Messrs. Joseph Orosfield & Sons, of Wamngton, have done 
much in the way of securing model conditions of labour for 
their workpeople. The following particulars are of interest 

It is a condition of t'mployment that all young persons ein- 
])loved by the firm must have passcid the Sixth Standard at a 
day school. Also, that all young persons shall attend evening 
scho<'l (at the firm’s expense when specified conditions are com¬ 
plied with). 

* Prizes are offered for conduct, progress, and attendance at 
the evening schools, particulars of wliich are as follows:— 

^cheine for liemiitisioji of Fees anti Payment of Cash Prizes. 

(hnditions .—All fees of the Branch Technical Schools for 
th(! session must be paid on or before 30th November next. 
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The fees at the Commercial Institute of either 3s. or 7s. 6d. for 
th<; session according to the course taken, and the fee at the 
Centra] Technical Institute of 7s. 6d. have always been payable 
in advance, and will continue to be so. 

The student must make at least 85 per cent, of possible 
attendances, and must sit for the examination at the end of 
the s^ion. 

Students will attend the schools under which their names 
appear, and will not be allowed to go to any other without 
sptjcial permission from the Works Greneral Office. This does 
not apply tO those students who have qualified for admission to 
the Central Technical Institute. 

Subject to the above rules, fees will be refunded and the 
following cash prizes will be given:— 

Fees. —For 85 per cent attendances, fee only; between 90 
per cent and 94 per cent, inclusive fee, plus Is.; between 9 j 
per cent and 9^) per cent, inclusive fee, plus Is. fid.; for 100 per 
cent attendances, fee, plus 2 b. fid. 

Prize for Progress: Branch Technical Schools. —If remarks are 
very satisfactory, 3s. fid.; if remarks are satisfactory, Ss. 
Central Technical Imtitute.—U remarks are very satisfactory, 8s.; 
if remarks are satisfactory. 7s. fid. 

Prizes for Conduct. —If remarks are satisfactory : Central 
Technical Institute, 58.; Branch Technical Schools, 3 b. 

Brass Band. 

The firm supports a Brass Band consisting of twenty-six 
workmen. Each member is provided with uniform and instru¬ 
ment free, and the firm also pays for a professional instructor. 
Two or three practices are held per week. During the season 
prizes were won to the value of £350 138., including eleven 
first prizes, which was the greatest number won by any one 
band. Tn addition to numerous contests, the band attends 
social fimetions when required. 

Swimming. 

All boys and girls in the offices or the works, during the 
sixteenth year of their age, are taught to swim. Two squ^s of 
boys go each week during working hours to the Corporation 
Baths in charge of an instructor from the works. The girls go 
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oach week in one squad, and are taught by an instructress front 
the baths. The time lost, and the cost of the baths and in- 
struction, are borne by the firm. The courses last from June 
to September, and consist of about thirteen lessons. 

Dining Arrangements. 

Dining accommodation is provided for all employes, male 
and female. 

The men’s dining hall measures 111 feet by 52 feet. The 
kitchen, which was opened in 1907, is fitted with modem 
cooking apparatus. Meals are cooked for the workpeople, and 
served at 4d. per head. 

Education ok Junior KwpiiOYis at Cadbury Brothers, 
Limited, Bournville Works. 

Classes of various kinds have been held at the works for 
upwards of eight years. In the summer of 1906 the whole 
of the educational work was centralized, and the Bournville 
Works Education Committee was formed to assist the firm in 
their endeavours to forward the welfare of the employes in 
■this direction. The work of this committee is to arrange for 
compulsory attendance at evening classes by all employes 
under 16 years of age, and to encourage attendance by the older 
ones; also to negotiate with local educational bodies as to proper 
facilities at the various schools in the distiict, the education of 
the juniors at the evening continuation schools being on broad 
general lines leading up to more specialized instruction at the 
Technical Schools. The number of employes attending com¬ 
pulsorily (all under 16 years of age) is as follows:— 

1906- 7 400 

1907- S.^42 

.. 5 *” 

The number attending voluntarily (between 16 and 19 years of 
age):— 

J90C-7. 

1907- 8. . . 305 

1908 - 9 2*»4 

All these classes are held at the local schools, and are under 
the jurisdiction of the local education authority. 








202 CHEMICAL WORKS DESIGN AND EQUIPMENT. 

The compulsory students attend during the winter months 
only, on two evenings a week, for two hours per evening. 

Fees up to Ts. 6d. arc returned by the firm to all students 
up to 19 years of age, with reference to whom the head master’s 
report rt attendance, progress, and conduct is satisfactory. 

Fiinployos up to 10 years of age are also required to attend 
twice a week at the physical training classes, held at the works 
during work horn's, gymnastics once and swimming once. 

The juniors who attend classes comjmlsorily participate in a 
general reward scheme, the rewards (first, 12s. Od.; second, lOs.; 
third, 7 r. 6d.)being based on reports from: (1) Works Depart¬ 
ment, (2) Evening Continuation School, (8) Works Physical 
Training Classes. 

In order to provide classes during the day and evening in 
gymnastics and swimming, a body of managers was formed, 
who regulate the work of the instructors and act generally 
under the Board of Education. This body receives grants 
from the Bqard of Education and a subscription from the 
company. 

These classes are termed the Boumville Works (Masses,,and, 
as the name indicates, are all held at the works. They are as 
follows:— 

(1) Junior Boys’ and Girls’ Gymnastic and Swimming 
Classes, held in the daytime. 

(2) Men’s and Girls’ Evening Gymnastic and Swimming 
Glasses. 

(8) Men’s and Girls’ Ambulance Classes. 

(4) Girls’ Gardening Class. 

(5) Men’s and Boys’ Boot Kepairing Classes. 

The hital number of individual students attending these 
classes during session 1900-7 was 1049. Some attended two or 
three classes. 

No deduction is made from the wages of the juniors who 
attend the day classes (No. 1). The firm are of the opinion that 
the renewed energy resultant upon the attendance at these 
classes fully repays them for the time lost by the boys, who are 
paid by the day, the same principle being recognized in con¬ 
nection with the attendance at the day classes by the junior 
girls, the majority of whom are pieceworkers. 
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Extension of thf. Bournville Works Elccational 
Scheme. 

{Extract from “ 2'he. lioumville Worhit Magazttte," Mny, 

The firm, with tlie cordial and unanimous approval of the 
heads of the various departments, with whom a special con¬ 
ference was held on this question in the autumn of last year, 
have now decided that ail boys shall attend twening classes up 
to the age of 18. For the girls, it is recognized that the ma¬ 
jority leave the works after a few years to look after homes 
of their own. It has been decided that the gills also shall 
attend up to the age of IK, and that their training shall in¬ 
clude a thorough instruction in housewifery. Such subjects as 
English literature and physical training will, it is hoped, also 
occupy prominent places. 

While boys who are engaged for the factory side of the 
works at the age of 14 will be admitted on the condition that 
they have worked in the higher standards and have good re¬ 
ports from the (•lementary school head master, boys of the same 
age who are engaged for the offices will be reciuired to have 
worked in the ex-seventh standard, and will also have to pass 
an examination set at the works. Those from secondary schools 
who do not leave until they are 16 years of age may lie en¬ 
gaged for th(5 offices, or for the trades in the factory, on con¬ 
dition that they pass the necessary tests. These boys will be at 
liberty to commence attendance at the more advanced classes 
immediately. 

The system proposed is roughly as follows: All boys who 
enter the works at the age of 14 will be required to do un¬ 
skilled work until they reach the age of 16, and, whilst doing 
so, will be required to attend evening continuation school and 
phy&ical training classes as at present. At the end of that 
time ihe ijiost suitable boys will be transferred to skilled work 
to which they are specially suited, and, if found satisfactory at 
tfie end of a probationary period, will b(i asked to enter into an 
agreement The transfer will depend upon the hoy’s health, 
his expressed wish to learn a particular trade, his parent's con¬ 
sent,* and satisfactory reports from his foreman and the evening 
school head master. 
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This systeiu of choosing apprentices has been decided upon 
after much deliberation. It is felt that a boy at 14 years 
of age hardly knows what trade he would like to learn. He 
knows so little about the industrial world that, if apprenticed at 
that age to any trade, he may in a year or two think that he 
would have been much wiser to have started in some other line. 
It is generally agreed that promotion should depend not on 
favour, but on merit, and merit alone, and the firm will be able 
to choose, after two years’ personal experience, boys who 
through hard work and constant application to education, are 
best fitted f6r the various trades. 

The Imys transferred will be expected to attend such classes 
as are approved by the Works Education Committee until the 
end of their apprenticeship, which will as a rule extend up to 
the age of 21. They will be paid at a lower rate of wages 
than those not learning a trade, but the deduction will b* 
returned in some cases in the form of tools, and in others in 
such form as may hereafter be determined. 

The apprenticeship system is practically dead. With the 
development of the factory system, and with the growth of 
industrial specialization, the all-round training given to the 
old apprentices is less necessary—both from the point of view 
of the employer and the worker. But while the economy of 
specialization has been in view, the wider economy that is in a 
broad training has been overlooked. It is the value of this 
which the new apprenticeship scheme has recognized. The 
purpose is to teach the workers all that is possible, so that in 
every department all will have the opportunity of becoming 
specially equipped in the class of work in which they are en¬ 
gaged, while those in the trade sections will receive an unusually 
wide training, owing to the great variety of work undertaken at 
Bourn ville. 

The most suitable workers, whether apprenticed or not, will 
be given the opportunity of attending day classes, and, in special 
cases, a university or working men’s college for a course of sub¬ 
jects. For both boys and girls up to sixteen years,of age the 
education given at the evening continuation schools is on broad 
lines, but after that age the boys apprenticed will specihlize, 
but not narrowly. The remainder will continue on broad general 
linea 
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Co-partnership Scheme, the, at Port 
Sunlight, 1^. 

(A>pper, 12. 

Cottsges for workpeople, 2. 

C'raues, 20. 

Crostield, J. & Sons, education of 
workpeople, 191. 

Crosfield, J. & Sons, works fire bri¬ 
gade, 34. 

OrystallbAtion in motion plant, 158, 
160. 

Dialysis up^iaratus, 139. 

Dehuo's filter-press, 126, 128. 
Drainage, 3. 

„ system, 22. 

Drain-pipes, making joints of, 23. 
Drying plant, 163. 

Economiser, 39. 

„ Green's, 84. 

Edneation, 191. 

„ scheme, BournviUe works, 
extension of the, 195. 
Education of Junior £m{wy6s at 
Boumeville Works, 193. 

Effluents, liming of, 9. 

Electrical fittings, (A. 

Electric current, cheap, 7. 
Engine-house, 

Evaporators, Eestner’s climbing- 
film,” 161. 

Evapomtors, vacuum, 162,168. 
Explosives, initiation appuatus, 
103. 

Explosives— 

“ Dipping ” house, 98. 
Dipping-house roof, 98. 
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ExploMves— emtinueti. 

Gun-cotton, 98. 

„ centrifugals for, 100. 
Nitrating and drying, machine 
for, 101, 102. 

Separation of waalo acid, ap- 
paratua for, 101. 

Mixing acids, 97. 

Nitrated cotton, treatment of, 99. 
Nitro>glyccrine, manufacture of, 
100 . 

Plant, air compressors for, 104. 
Plant, notoK on, 07. 

‘ Vitriol for, 97. 

Extensions, provision for, 2. 

» 

Fan engine, ^‘Sentinel Junior,” 49. 
Filter-cloth ura.Hliing machine, De- 
lino’s, 13f>. 

„ fixing, 129. 

Filler-[)lateH, Schuler’s porous, 189. 
Filter-press design, 185. 

„ „ tlie, 120. 

,, thoi'<m),>h extraction, 182. 

,, „ uses i»f, 120. 

,, presses, wooden, 127. ! 

Filters, check, 137. ! 

„ pressure, for acid liquoi's, 140. 
Fire brigade, works, Crosfield ifeSons, 

34. 

Fire engine, the “ Greenwich,” 25. 
Fire hose cupboaids, 32. 

Fire px*otecUon, corapleto system of, 
29. 

„ pump, combined, 28. 

,, siation, 24. 

Flues, 43. 

„ arrangement of, 4. ' 

Foundations, 1, 23. i 

Fused Silica ware, 143. 

Gay-Lussac Tower, the, 78. ^ 

<ias, chisap. for power and lighting, 7. 
Gaseous effluento from works, 9. 
Geogi'aphioal ]H>sition of chomiciii 
works, 6. 

Glover Tower, the, 75. 

0 un-cotton, 98. 

GouooRNeovst.Y lined lead pipes, 150. 
Hydrochloric acid, Kestnor’s eleva¬ 
tion for, 119. I 

Hydrochloric acid plant, 87— ! 

salt cake furnace, 88. 
small-scale, 91. 

„ pipes for gases, 88. I 

„ plant, salt cake pot sot-1 

ting, 87. ! 


Hydrochloric tower packing, 89. 

„ „ woodwork of, 90. 

„ towers, 89. 

„ ,, flushing airmige- 

ment for, 90. 

Inqubt automatic weighing and re¬ 
cording machine, 65. 

Eesznkk’b acid elevators, 119*23. 

,, climbing film ovapoiator, 
151. 

„ elevator for hydrochloric 

acid, 119. 

,, ,, for nitric acid, 121. 

Lead, 11. 

l^ead, chemical, old, 12. 

Lond-linod pipes, 150. 

Lever Brothers, works surgeries, 

MAKf.iiEsxKii Shin Canal, 7. 

Manure, artificial, notes on )>laut for 
manufacture of, 116. 

Materials used in cuiistruction. 11. 
Midland railway fire and boiler feed 
pump, 28 

; Motor transimrt for goods, 7. 

j Nitkatk house, 95. 

I „ store for, 93. 

Nitric acid, Kestner's elevator, 121. 
Nitric acid )>Iaut. 93— 

Ruu-oft' tnmghs for, 92. 

Small, by Doullon & Co., 95. 
Valentiuer, 92. 

Valeiitiner process, pumps for, 94. 
“ Vitreosil ” still-heads for, 148. 
Nitric acid still, 93. 

„ „ worms, 9J1. 

Osmose, the, 138. 

Paksonb’ steam tm-bmes, 52-64. 
Fhosphor bromto, 12. 

Fort Sunlight, 6. 

„ „ oo-]Artuerslup Bcbeme 

at, 185. 

Power generation, 8. 

Power house, 18, 38. 
l^evHiling winds, 5. 

“Prosperity sharing,” 185. 

River Consurvancy Boards, 9. 

Roads in works, 18. 
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Salt-cakb furnace, 86. 

„ pot setting^ 87. 

Saw-mill, 22. 

„ fmd box - making depart¬ 
ment, 166. 

Silica ware, fu^, 143. 

Site, choice of, 1. 

Steam enginea " Sentinel ’* compound 
double-acting, 60. 

„ ‘'Sentinel Junior,” 

46-48. 

„ “ Sentinel ” triple ex¬ 

pansion, 51. 

Steaming apparatus for Oentrifi^ala, 
160. 

Steam pipes, jointing, 43. 

„ raising, 4!l. 

,, superheated, 4^1. 

,, turbine, 52. 

„ „ bearings, etc., 60. 

,, „ blades m, 64. 

„ „ cou})ling of, 68. 

„ „ economy of space by 

use of, 56. 

„ exhaust, 63. 

„ „ governors, 61. 

„ „ installation, 50. 

„ Parsons’, 62. 

,, .. vacuum auginentor, 62, 

64. 

„ „ valves, 42. 

Stokers, automatic, 43. 

Stores, general, 10. 

Suggestion scheme, Boumeville 
Works, 180. 

Sulphate of ammonia— 

Drainor, 113. 

Plant, 100. 

Saturators, 111. 

Plate-lead, 111. 

Still, 109. 

Store, 113. 

Sulphuric acid, concentration of, in 
" Vitreosil ” vessels, 146. 

Sulphuric acid plant, 70— 

Acid distributing arrangeiiient for 
towers, 76. 

A<'id tanks on Glover tower, 75. 
Chamber platform, 70. 

Chambers, columns for support- 
mg, 70, 71. 

Chamber connections, 72. 

„ ^ jJatform, 73. 

„ straps, 72- 
Circular chambers, 85. 

Obolers for, 1^. 

Denitration and absorbing towers, 
ptwition of, 74. 


Fans, u^ of, for controlling 
draught, 84. 

Gas trunk, 72. 

Gay-LuiMac tower, 78. 

Glover tower, 75. 

„ „ lip of fused Silica, 

77,146. 

„ „ volric lava, 84. 

Introduction of liquid nitric acid, 
83. 

Mechanical burners, 82. 

Roofing of, 71. 

“Tower” chambers, 83. 

„ houses, 77. 

,, packing, 76. 

Working fl«*or, 71.* 

“ Viweosil ” coolers for, 149. 
Swimming at, Messrs. Joseph Cros- 
field & Sons Works, 192. 

Tides, hoiglit of, 3. 

Tramway system, 21. 

“ UlULITK,” 16. 

Vacuum drying plant, 163. 

,, evaporators, 162, 168. 
Valves, steam, 42. 

“ Vilruosil,” 143. 

„ basins, 146. 

„ beakeis. 147. 

„ calottes, 1^. 

,, coolers for sulphuric acid, 

149. 

„ Glover tower lips and 

gutters, 145. 

„ nitroing arrangement, 

145. 

„ pipes, 143. 

„ pipes for condenser, 148. 

„ still heads, 148. 

„ trays, 149. 

*' „ vessels for sulphuric acid 

concentration, 146. 
y itriol manufacture, notes on, 79. 

„ plant des^^ii and working, re¬ 
cent developments in, 81. 

Walls, retaining, 24. 

Water supply, 4. 

Water transport for goods, (>. 
Weighing and recording machine, the 
Ingrey, 66. 

Weighing machines, 20. 

“Welfare Wftfk,” 186. 

Well sinking, 4. 

Workshops, 19, 21. 

Works surgeries, 35. 
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KESTNER 

SPECIALTIES 

FOR 

CHEMICAL WORKS. 


Mater folie Bailers. 
Filni Evaporators, 
tioid Elevators. 
Corrosive Gas Fans. 


KESimtK i>(itnii.r, I'.fpi ct j vaforator. 

BRIDGE HOUSE, 

181 QUEEN VICTORIA STREET. 
LONDON. E.C. 
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CHEMICAL STEAM 

JACKETTED PANS 

Are strongly constructed from the finest materials, 
and their adoption by the leading firms is evidence 
of their superiority. Made from 10 gallons upwards. 

Illustration shows Pan of 9,800 gallons capacity as made for 
one of the larirest chemical manufacturtng firms In Bnelana. 

Carton Company manufacture at! descriptions of 
Pans and Appliances for the chemical trade. 

Estimates free on application, 

^ ^ Works; CARRON, 

Q^RRON QOMP4Ny stirlinqshire, 

And PHCENIX KOUNDRY, SHEFFIELD. 

Showrooms: London, IS Upper Thames Street, E.C., and West End— 
Liverpool, Manchester, Olasgow. Bdinburrt, Bristol, 
Newca8tle-on*Tyne, Birmins^afn. and Dublin. 






. A RE-ISSUE OF 

THE CHEMICAL ESSAYS 

. . OF . . 

CHARLES-WiLLIAM SGHEELE. 

Translated from the 

Transactfons of the Academy of Sciences at Stockholm. 
WITH ADDITIONS. 

First Published in English in 1786. The pr^ent Edition (1901I consists 
of 300 Pages. Demy 8ro. 

Price 5S. net (Post Free. 55. 6d. Home; 5s. gd. Abroad). 

INDUSTRIAL ALCOHOL 

A Practical Manual on the Production and Use of 
Alcohol for Industrial Purposes and for Use as a 
Heating Agent, as an lUuminant, and as a Source 
of Motive Power 

JOHN GEODES M'lNTOSH. 

Demy 8vo. 250 Pages. With 75 Illustrations in the Text, many 
full page, including Several Plans, and 25 Tables. 

Price 7s. 61 I. net (Post Free, 7s. lOd. Home; 8 s. 54. Abroad). 

SEND FOR GATALOCUES, GIVING FULL C0NTGHT8, TO 

Scott, Greenwood Son, 

8 BBOADWAY, lODGATE, LONDON, E.C. 
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Blair, Campbell & MeLean, 

r.Tz>.. 

GOVANT, GL.ASGOW. 


Complete Chemical T^lants. 

Vacuum Evaporators and Stills 

FOR ALL PURPOSES, 

INCLUDINO 

Steanne Stills witb Fractionating Condensers, 
WITH OR WITHOUT VACUUM CONNECTIONS. 

CRUDE GLYCERINE RECOVERY AND 
REFINING PLANTS. AUTOCLAVES, 

“Imperial” Patent T)rying Machines. 

^ ^ ^ 

MANUFACTURED COPPER AND BRASS 
WORK of every description. 
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AMMONIA 


AND ITS COMPOUNDS; 

THIHR^MANUFACTURE AND USES. 


Translated from the French of CAMILLE VINCENT. 


Royal 8vo. 114 pp- 32 JftaHti-atiouH 

Price 5^ net (Post Free, Ss. 4d. Home ; 5s. 6d. Abroad). 


Sen^ for Contents of above to - - - 

SCOTT, GREENWOOD & SON, 

8 Broadway, Ludgate, London, E.C. 
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ESTABLiSHEO 1849. 


Telelfiiphie Addrpti: 

“ Gordn, Newctitle>(lti<Tyne 


Nat. TelcphoM: 

No. jKl Cmtrt 


J. CORTIN, 

Chemical Plant Manufacturer, 

MUSHROOM BRASSWORKS, 


ST. LAWRENCE RO., 

■ NEWCASTLE-ON-TYNE. 



SOLE MAKER OF 

CORTIN’S ACID VALVES,— 
PUMPS, ELEVATORS, TAPS, 
PLUGS and SEATS, SILENT 
HEATERS. 

Lead Burning Apparatus, etc., 

for Chemical Manufacturers. 

ALSO 

Qun-metal, Phosphor Bronze, 
White-metal Castings, 

AND 

FINISHED BRASS GOODS OF 
EVERY DESCRIPTION. 


CHEMICAL LEAD BURNING A SPECIALITY. 
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